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1.Diversity of living organisms 


diversity of living organisms - outline classification of plants - nomenclature - vernacular 
or common names - scientific names - binomial nomenclature - species - genus - 
families, orders, classes, phyla, divisions, kingdoms - systems of classification and their 


There is great diversity among plants and ani- 
mals that exist on earth. There is the amazing 


` world of microorganisms, unicellular plants and 


significance - major plant groups with salient characteristics with Indian examples. 


animals, giant trees and majestic animals. Plants 
and animals are classified into groups and sub- 
groups to facilitate study. 


Activity 1: Go to your school garden and collect at least five different 
plants or their twigs. Compare them and assign them to their respec- 
tive groups, i.e., flowering and non-flowering plants. 


Activity 2 : Collect twigs of two each of herbaceous plants, shrubs and 


trees. Learn te botanical terms. 


1.1 Outline classification of plants 


Many of the organisms, €.§., mushroom, penicil- 
lium, etc. are useful to man. Some are of purely 
scientific interest to him. The branch of Botany 
which deals with the identification, naming 
(nomenclature) and classification of living or- 
ganisms is known as taxonomy OF systematic 
Botany. Taxonomy is considered to be the fore- 
runner of all botanical disciplines. It deals with 
classification of plants in accordance with a 
particular system of classification. Anatomy, 
Embryology, Cytology, Genetics, Biochemis- 


try, etc. are some of the allied disciplines of Tax- 


onomy and these are mutually dependent on each 
other. 


NOMENCLATURE — 
VERNACULAR OR COMMON NAMES 


The system of providing organisms with suitable 
and distinctnamesis called nomenclature. There 
are twotypes ofnames, vernacular and scientific. 
Each plant has different names in different lan- 
guages and countries. The local, vernacular or 
common names have applications restricted only 
to a particular area. Therefore the understanding 
of the different species becomes difficult. More- 


over, there are no yemacular names for some 
Species at all. The common names can be very 
misleading, e.g., the common name ‘pineapple’ 
has nothing to do with either pine or apple, and 
usually creates confusion. A single organism is 
often given several names in the same language. 
For example, the water lily has fifteen different 
namesinEnglish. A singlename can refer to two 
different plants. For example, cornis used in the 
Commonwealth countries for maize whilc it re- 
fers to wheat and other grains in the U.S.A. 
Commonnames cannot therefore beusedincom- 


munication among the scientists of different re- 
gions of the world. 


SCIENTIFIC NAMES 


Scientific names adopted by biologists are uni- 
versal in their application, The same name is 
used for a particular oganism all over the world. 

Such a universal method of naming animals 
and plants was introduced by the Swedish biolo- 
gist Carl von Linnaeus. Itis called the binomial 
System of nomenclature. Linnaeus is re garded as 
the Father of Taxonomic Botany because of his 


several valuable works in Botany and collections 
of plant specimens. 


Activity 3 : Read the life history of Carl von Linnaeus 
can find in your school library or elsewhere, 


Activity 4: Collect pictures of 
Plato, Linnaeus, Bentham and H. 


famous taxonomists s 


BINOMIAL NOMENCLATURE 


All the namescf plants and animals are at present 
known by a combination of two words. Miis 
combination is known as the ‘binomial system Š 
In this system of nomenclature, an animal or 
plantis identified by the genus and the species to 
which it belongs; the generic name or genus 
always begins with acapital letter andthe specific 
name orspecics always begins with a small letter. 


Binomial nomenclature of some plants 


common name genus 


species 
Sunflower Helianthus annus 
Pea i Pisum sativum 
Rice Oryza sativa 
Banana Musa paradisiaca 


Significance of binomials : Each binomial clas- 
sifies and names a plant. The binomials are 
accurate. The binomials are complete andmean- 
ingful when they are accompanied by their re- 
spective authors. The name of the author is 
normally abbreviated, e.g., Oryza sativa Linn 


indicates that Carl yon Linnaeus was the author 
of this species. 


from any book you 


uch as Aristotle, 


ooker. ‘Affix them in your album and 


write a few sentences about each one, 


SPECIES, GENUS, FAMILIES, ORDERS, CLASSES, 
PHYLA, DIVISIONS AND KINGDOMS 


The basic unit of classification is the Species. It 
is the smallest group into which individual or- 
ganisms can be placed. Species is a group of 
individuals having certainnumberof characteris- 
tics and morphological similarities, Members of 
One species can breed among themselves to give 


birth to offspring which bear all the group char- 
acteristics of the Species and resemble their par- 
ents. The members of one Species generally 
Cannot breed with the members of a different 
Species. Orange, banana, brinjal are examples of 
Species of plants, 

Genus is a group of few or more number of 
Species which are morphologically related to 
each other. For example, potato (Solanum 


tuberosum) and tomato (Solanum lycopersicum) 
are two species which belong to the genus Solanum. 

A family is a group which is larger than the 
genus in its scope and content. A number of 
genera are grouped under each family, e.g., 
Malvaceae. 

An order includes one or more number of 
related families, e.g., Malvales. Orders form a 
class; classes form a phylum; and phyla form a 
kingdom. Thus, every living organism belongs to 
a species, a genus, a family, an order, a class, a 
phylum and a kingdom. 


SYSTEMS OF CLASSIFICATION 


Plant classification:is the arrangement of plant 
species in accordance with any particular accept- 


able system. 
For example, cotton can be classified as fol- 
lows: 


Grouping organisms in a scheme of hierarchy 


-Kingdom plant 

Phylum spermatophyta 
Class Angiospermae 
Order Malvales 
Family Malvaceae 
Genus Gossypium 
Species indicum 


SIGNIFICANCE OF CLASSIFICATION 


Classification of plants into different levels de- 
veloped out of necessity and for convenience in 
scientific study. 


Activity 5: Try to identify all the common trees in your school campus. 


o2% 
ase 


Find out their scientific terms. 


1.2 Major plant groups with salient 
characteristics (with Indian 
examples) 


Many scientists place the bacteria and the blue- 
green algae in a separate group called prokary- 
ota. The prokaryotes are characterised by non- 
vacuolate cytoplasm, lack of membrane-bound 
organelles and nucleus. Sexual reproduction 
through gametic fusion is absent. The rest of the 
living organisms, the eukaryotes, have vacuolate 
cytoplasm with membrane-bound organelles and 
a well-defined nucleus. They multiply by the 
sexual method. 

Depending on morphology and life cycle, the 
plant kingdom is classified into Thallophyta, 
Bryophyta, Pteridophyta and Spermatophyta. 


THALLOPHYTA 


These plants lack differentiation of true root, 
stem and leaves. The game-producing gameto- 


a group of cocci 


diplococci 


streptococci 
(chain of cells) 


bacilli 


vibrio cholerae 
Fig. 1.1 Various types of bacteria 


phytic (haploid stage) phase is dominant and the 
brief spore-bearing Sporophytic phase (diploid 
phase) does not remain attached to the gameto- 
phyte. The thallophytes are grouped into two 
subdivisions, i.e., algae and fungi. The algae 
generally grow in water and contain chlorophyll. 
Some are unicellular (chlamydomonas), colonial 
(volvox), filamentous (Spirogyra) or with large 
thalli (fucus, Sargassum). 

Fungi are devoid of chlorophyll and thrive on 
living tissues as parasites (puccinia) or on dead 
Organic matter as Saprophytes (mucor). 


laminaria 
(sea weed) 


Spirogyra 
Fig. 1.3 Different types of algae 


them under a microscope. 


Rub spiro, 


: gyra filaments lightly between the fingers and note the 
slimy texture: 


ss 


Ki 
> 
id 


chlamydomonas 


Activity 7: Examine under the microscope filaments of spirogyra mounted 
in water. Note the chloroplast, pyrenoids and nuclei. Drop a little 
iodine solution under the cover-slips and note how the nucleus becomes 
clearer, the pyrenoids become brown and the starch grains surround- 
ing them become blue. 


Activity 8: Moisten a slice of bread and place it in a tin with a well 
fitting lid or under a petri dish. Leave it in a warm place until the ` 
surface is covered with mucor or penicillium or both. Examine under 
the microscope a portion of each of the two mycelia mounted in water. 
Note the stages in the formation of sporangia in mucor and observe the 
burst ones. > 


Lichens are composite organisms which can 
grow on barren places like rocks. In forming the 
thallusofa lichen, an alga and a fungus cooperate 
to their mutual benefit (symbiosis). 


BRYOPHYTA 


Bryophytes are also known as amphibious plants 
because they require moisture to complete thcir 
life cycle. The plant body is a gametophyte, 
which is a flat, green thallus in liverworts (Ric- 


cia) and leafy and erect in mosses (Funaria). Pi N. 
They are attached to the substratum by means of Z É À 
hair-like outgrowths, the rhizoids. Fig. 1.5 A lichen growing ona twig 


Fig. 1.7 Bryophyta: Riccia 


Moss plants 


“Activity 9: Collect as many ‘leafy’ and ‘thallose’ liverworts as you can. 
Look particularly for decaying wood, soil, tree trunks, etc. Study care- 
fully the arrangement of leaves on the leafy forms. 
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reproductive shoots 


PTERIDOPHYTA 


The sporophyte constitutes the dominant genera- 
tion which is differentiated into root, stem 
and leaves. Specialised vascular tissues (xylem 
and phloem) are present. The gametophyte 


Fig. 1.10 Dryopteris — a fern 
and the sporophyte are capable of growing 


independently. These plants do not produce 
seeds. The gametophyte needs the presence 
of water for fertilization, €.g., Equisetum and 
ferns (Nephrolepis), club mosses. 


Activity 10: Collect and study the general vegetative morphology of a 


few ferns: 
SPERMATOPHYTA 
The plant body is differentiated into root, stem 


and leaves and the vascular tissues are well 
developed. 


Gymnospernice : In the subdivision gymnosper- 
mae the seeds are naked. Gymnosperms are 
evergreen shurbs and trees which occur in tropi- 
cal and temperate areas. Male and female repro- 


ductive structures are leaf-like and are called 
sporophylls. The latter are arranged into cones or 
strobili. Gymnosperms are a group of plants in 
which the seeds are placed naked. There are two 
groups of gymnosperms: the cycads and the 
conifers. 
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Fig. 1.11 Cycas 


Conifers : These are large trees or shrubs with 
branching stems bearing small, often needle-like 
leaves. Flowers are borne by the branches in the 
form of cones. Male and female cones may be 
borne by the same plant or they may be borne by 
separate plants. 


Cycads : These have palm-like, stout, unbran- 
ched stems, bearing acrown of compound leaves. 
Flowers are in the form of cones. There are malc 
and female plants which produce male and fe- 
male flowers, respectively, i:1 the form of male 
and female cones. 


Fig. 1.12 Cryptomeria — a conifer 


Activity 11: Do you have a cycas tree in your locality? Distinguish 


between the scale and foliage. 


identify the various parts, viz., branches, leaves, buds, inflorescence 


and flowers. 


Activity 13: Make labelled drawings of the essential and non-essential 


parts of Hibiscus rosa sinensis. 


Angiospermae : In the sub-division angiosper- 
mae the seeds are enclosed 


called ovary. The male and female gameto- 
in a special structure phytes are highly reduced. The reproductive 


organs are arranged in a flower. 
Angiospemns are sub-dividedintotwo groups, 
the dicotyledons and monocotyledons. 


Dicotyledons : This group includes the largest 
number of species of angiosperms. The seeds 
produced by these plants have embryos with two 
fleshy leaves, the cotyledons, where the food for 


Some basic concepts 


they are named and classified. 


language and region of the world. 
The scientific names are universal in 
There are sub-divisions in the 


Cryptogamae has three divisions — 
Phanerogamae has only one division, 


1. There are millions of plants and animals. In order to Study them, itis essential that 
Vernacular or common names are names given to the organisms in a particular 


their application. 


plant kingdom. Cryptogamae include seedless 
plants while phanerogamae comprise seed plants. 


Thallophyta, Bryophyta and Pteridophyta. 


growth is stored. The leaves of these plants have 
reticulate venation, with a network of veins. The 
Toot system has a prominent tap root, e.g., pea, 
bean, mango, etc. 


coconut 


Fig. 1.14 Some monocotyledonous plants 
Monocotyledons : These are angiosperms in which 
which the embryo of the seed has a single coty- 
Icdon. The food for the growth of the embryo is 
Stored in the endosperm as in rice. The venation 
inthe leavesis parallel. The Toot system consists 
of fibrous roots, €.g., onion, coconut palm, grass. 


ie., Spermatophyta. 


Some suggested activities/projects 


1. 


2: 


w 


6. 


. What are thallophyte 
. What are bacteria? Where are they found? 


ono na en = 


Collect one specimen each of an alga, fungus, bryophyte, pteridophyte, gymnosperm and 
angiosperm from your neighbourhood. How do their reproductive organs differ? 

In the following plants, is the body a gametophyte or a sporophyte? 

Rhizopus, Spirogyra, Funaria and Helianthus. 

Keep some Spirogyra in a jar and watch it climb the sides. How does it do this? 

Collect material of diatoms from patches of sediment which appear brown in ponds, streams, 
pools, etc. Take some diatoms and clean them by boiling in dilute hydrogen peroxide. Mount 
some ofthe residue by drying a drop ona coverglass and then mounting thisin Canada Balsam. 
The cells will split apart and the girdle bands will also be seen. 

Bring dung or decaying food to the laboratory. Put it under a bell-jar. A good crop of fungi 
will be produced. 

Collect some liverworts. Look for antheridia (male sex organs), archegonia (female sex 
organs) and gemmae (asexual reproductive masses). 

Consider all the vegetables and fruits which have been a part of your diet for the past two 
wecks. Each of them is obtained from a plant in the angiosperm group. For each, determine 
whether it is obtained from a monocotyledonous or a dicotyledonous plant and prepare a list 
stating this classification. 

Pluck a flowering plant and indicate the following parts by flag labelling. (Affix the plant on 
a slab of thermacole or cardboard.) Main stem, node, intemode, leaves, root system, shoot 
system and root hairs. 

Prepare a tree of classification. Cryptogams versus phanerogams. Prepare a short play 


showing the significance of each. 


REVISION 


Answer the following: 


Explain why biologists have classified living organisms. 


_ Who is the father of modern taxonomic classification? 


What is the basis for the classification of organisms? 


_ What is the fundamental unit of classification? 


Why do the scientific names of organisms sound strange and unfamilar? 


_ What are the scientific names of orange, potato, tomato and ginger? 


s? How would you distinguish algae from fungi? 
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II. 


. Latin names of plants and animals are difficult to 


. What are lichens? i 

- What are bryophytes? How would you distinguish liverworts from mosses? 
. What are pteridophytes? > : 

- How would you distinguish members of the phylum spermatophyta? 

. What are the distinctions between gymnosperms and angiosperms? 


- Why were most of the earlier botanists and zoologists chiefly taxonomists? 


Pronounce and remember. Why do we then 
use them? 


Which of the subdivisions of spermatophyta ori 


iginated first, in your opinion—gymnosperms 
or angiosperms—and from which group of non-seed bearing plants? ` 


Complete the following chart : 


Plant kingdom 
r aa Las 
— 
Cryptogams Phanerogams 
(Spermatophyta) 


Thallophyta Bryophya Pteridophyta 


III. 


Do these classification exercises; 


- Mushroom, tomato, orange, pine, organisms causing cholera. 
- How would you classify bacteria? State your reasons clearly. 


. Define the following: 


a. species 
b. genus 
c. family 
d. order 
e. binomial 


. Explain the concept and si 


ignificance of binomials. Why are binomials Preferred to local or 
vernacular names? 


. Who is Linnaeus? Mention the important work of Linnaeus. 
. What is classification? Mention the diffe 


rent units of classification in the Angi 
taxonomic hierarchy. ngiosperm 


IV. 


= 


oman naspr wo NY 


or o 


° 


VI. 


= 


Write notes on the following: 


Give reasons why the following have been named thus: 


. Nomenclature 

. Vernacular names 

. Scientific names 

. Binomial nomenclature 
. Units of classification 

. Major plant groups 

. Algae and fungi 

. Gymnosperms 


. Dicotyledons and moncotyledons 


. Pteridophytes as vascular crypiogams. 
. Angiosperms as flowering plants. 
. Pteridophytes and spermatophytes as tracheophytes. 


-Lichens as composite organisms. 


Choose the best answer : 


. What is the shape of th 
a. 
b. 
Cc. 
d. 


peripheral band 
conical band 
spiral band 
spherical band 


Name the product derived from algae. 


a. 


butter 


b. chocolate 
Ç. 
d. agar-agar. 


wax 
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e chloroplast in spirogyra? 


- Bacteria are considered to be plants because they 


a. 


b. 


c. 
d. 


have a rigid cell wall. 
are present everywhere. 
cannot move. 

can multiply by fission. 


. The umbrella-like mushroom is known as 


a. 
b. 


mucor. 
agaricus. 


c. palea. 


d. 


pitt. 


. Moss is a 
a. thallophyte. 
b. bryophyte. 
c. pteridophyte. 


d 


. gymnosperm. 


. The common name of Equisetum is 


a 


b. 
c. 


. horse tail. ` 
mouse tail. 
pony tail. 


d. dog flower. 


b 
c. 
d 


. Gymnosperms differ from cryptogams in 
a. 


general life history. 


- Shedding of megasporangium. 
development of seed and formation of pollen tube. 
. none of the above. 


12 


2. Physiology of plants 


Among all the life forms on earth, plants are the 
only producers. All consumers, particularly man, 
are dependent upon plants for food, wood, fibre, 
energy and oxygen. All plants absorb and expand 
energy. They grow and reproduce. They have 
evolved and are evolving. 

Plant physiology deals with response to the 
environment, nutrition (including the uptake and 
preparation of food and oxygen for use in the 
cells) and growth and reproduction, or cell divi- 
sion and differentiation of various types of plants. 
Thus, plant physiology is the study of mecha- 
nisms and processes in plants and interpretation 
of plant behaviour in terms of physical and 
chemical laws. 


2.1 Absorption and water relation of 
plants 


Land plants absorb water from the soil through 
the root systems while aquatic plants do so 
through the general surface. Epiphytes generally 
possess special aerial roots known as epiphytic 
roots which act like sponges and absorb water 
from dew and rain drops. e 
'The absorptionand transportation of materials 
in plantsinvolve two important processes known 


physiology of plants - absorption and water relation of. plants - ascent of sap, absorption 

‘of minerals; soil as water supplying system - osmotic absorption of plants, active and 
passive absorption of water-root structure in relation to water absorption - path of water 
‘stream - passive absorption of minerals-translocation of solutes. 


as osmosis and diffusion. These processes occur 
throughout the plant body. 


DIFFUSION 


It is the net movement of molecules and ions 
from an area of higher concentration to an area of 
lowerconcentration. The particles move inall di- 
rections and collide with one another. The par- 
ticles have a greater chance of unobstructed 
movement towards the area whichis less concen- 
trated. Various substances diffuse independently 
according to their own concentration gradient or 


Fig. 2.1 independent diffusion 
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due to partial pressure. This phenomenon is 
known as independent diffusion. 

It can be seen in an illuminated leaf which has 
Open stomata. The interior of the leaf is rich in 
water and oxygen while it is deficient in carbon 
dioxide. Therefore, carbon dioxide enters the leaf 


from outside while water and oxygen diffuse out 
of it. 


OSMOSIS — PHYSICAL AND PHYSIOLOGICAL 
PROCESS 


When two solutions of different concentrations 
are placed on either side of a semi-permeable 
membrane, the solvent (usually water) from the 
less concentrated solution flows into the solution 
of higher concentration through the separating 
membrane, until both solutions are of equal 
concentration, i.e., isotonic. The movement of a 
solvent from a solution of lower concentration to 
that of a higher concentration through a semi- 
permeable membrane is known as osmosis. A 
semi-permeable membrane is one which only 
allows certain types of substances to pass throu gh 
it and not others, depending on the size of the 


Activity 2 : To demonstrate os; 
Physiological process) 


A large potato is peeled and cut into hal; 
flattened, a large cavity i i 
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with a satura 
d is kept immersed in a beaker con- 


molecules of which the substances are com- 
posed. The solution which causes osmotic entry 
of water is called an osmotically active solution. 
The maximum force with which osmosis can 
occur is known as osmotic pressure. 


thistle 
funnel 


sulphate 


animal 
bladder 


beaker 


1. original level 2. final level 


Fig. 2.2 Thistle funnel experiment to 
demonstrate osmosis 


Physical process) Try 
the mouth of a thistle 
ted solution of a salt 


n is known as osmosis. 


mosis in living tissues (osmosis as a 


potato 


> 
- .-/ 2. final wate 


1. original cavity 


water level x 


b 


sugar solution 


grains of 
sugar 


petri dish 
1. start of experiment 2. end of experiment 


Fig. 2.3 To demonstrate osmosis in 
living tissue 


while a little water is poured into the other. The two petridishes are la- 
belled A and B, respectively. (B serves as the control experiment.) They. 
are allowed to stand for sometime. ; 

After a few hours, the following observations are made : 

In petri dish A, the sugar has dissolved and the cavity now contains 
sugar solution. The water level in the petri dish falls slightly. This 
shows that some water from the petri dish has entered the cavity of the 
potato. This is because the sugar solution in the cavity had a higher 
osmotic concentration than the water outside and exerted a higher 
osmotic pressure on it. It thus caused the drawing in of water via the 
living cells of the potato, which acted as a semi-permeable membrane. 
Thus osmosis has taken place. 

In petri dish B, the amount of water in the cavity of the potato and 
level of water in the petri dish remain the same as at the start of the ex- 
periment. This reveals that osmosis did not take place here since the 
osmotic concentration of the liquids inside and outside the cavity of the 


potato is the same. 


ABSORPTION OF WATER AND SOLUTES hairs are continuously being formed by the elon- 
gating tip. The root hairs grow between the soil 
The organs of absorption of water are the root particles and come into contact with the soil 
hairs which are living cells. They are tubular solution. 
prolongations of the epidermal cells of the root. 
The epidermal cells found in that region also 
Perform the functions of absorption. 
The root system generally grows extensively 
and deeply. The entire surface of the root system 
is not concerned with water absorption. Behind 
the tips of young roots is the root hair region. The 
Toot hairs live only for a few days but new root 
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THE STRUCTURE OF ROOT HAIR 


The root hair has a thin cellulose wall and lying 
close to it, on the inner side, is a lining layer of 
protoplasm. The nucleus occupies one corner, 
The vacuole in the centre is filled with cell sap. 
The wall of the root hair is mucilaginous and it 


epietermal 


central vacuole 
cell 


contains cell sap 


Fig. 2.4 The structure of a root hair 


sticks firmly to the soil particles. Absorption of 
water by the root hairs is a complicated process 
and it involves twe physical phenomena : 1. 
imbibition, 2. osmosis. Imbibition is the passive 
intake of water (as in the swelling of dry wood 
when placed in water) by the dead parts of cells. 
The cell walls of the root hairs and epidermal 
cells imbibe water with all the dissolved salts in 


it. piliferous layer 
root hair 


soil 


cortical cells 
xylem vessels 


Fig. 2.5 Path of water from root hair 
to xylem vessels. 


From the cell wall, soil water passes through 
the cytoplasm and gets into the cell sap of the root 
hair by the process of Osmosis. The soil water is 
actñally a weak solution, the cytoplasmic mem- 
brane is asemi-permeable membrane and the cell 
Sap is a concentrated Solution. Hence the soil 
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water moves across the cytoplasm and enters the 
cell sap. 

Root hairs lie in close contact with the first 
cortical parenchyma cell. The sap (the absorbed 
soil solution is known as sap) passes to the first 
cortical parenchyma cell by a process of osmosis. 
From this cell the next cortical parenchyma cell 
absorbs the sap by the same process of osmosis. 
Thus the sap is conducted through the cortical 
parenchyma cells by a process of cell to cell 
osmosis. Ultimately the sap is pumped into the 
vessels of the xylem. Due to cell to cell osmosis, 
a pressure is set up. This pressure is known as 


root pressure. It helps in the upward flow of the 
sap. 


ABSORPTION OF SOLUTES OR MINERAL SALTS 


Formerly it was believed that mineral salts were 
absorbed along with water but it is now known 
that the absorption of mineral salts is a process 
independent of the absorption of water. Mineral 
salt absorption takes place near the tip of the root 
(region of elongation) while the absorption of 
water takes place at the region of the root hairs. 

Salts are not absorbed as whole molecules but 
as ions. A small quantity of soil minerals is dis- 
solved in water. A part of it is absorbed on the 
Surface of clay particles. The dissolved and clay 


boundions are absorbed by the roots by a process 
of ionic exchange. 


TURGIDITY AND FLACCIDITY 


When water enters the vacuole of the cell, the 
volume of the cell sap increases. The pressure 
exerted by the contents of the cell against the 
rigid cell wall also increases. This pressure is 
known as turgor pressure. The cell wall resists 
the expansion of the cell contents by pushing in- 
wards with a pressure equal in magnitude but 
opposite in direction to the turgor pressure. This 
pressure is sometimes referred to as wall pres- 
sure. When the cell wall is fully stretched, i.e., 
when the pressure exerted by the contents of the 


cell outwards is equalled by the resistance of the 
cell wall inwards, the cell is said to be turgid. 
Incontrast to turgidity, i.e., the state of the cell 
being turgid, cells sometimes suffer a loss of 
water which causes them to become weak, limp 
and soft . This condition is known as flaccidity 
and ihe cells are said to be flaccid. Flaccidity 
usually occurs when plants lose water to the 
atmosphere faster than can be obtained from the 
soil, so that water from the vacuole is withdrawn. 


PLASMOLYSIS 


When the medium in which a living cell lies has 
a higher osmotic concentration than that of the 
contents of the cell, water flows out from the cell 
by ex-osmosis. As the cell contents lose water, 
the cytoplasm shrinks and the plasmalemma gets 
detached from the cell wall. This shrinking of the 


ow 


cell wall 


cell sap 


cytoplasm 


cell wall 


plasmalemma 
cytoplasm shrinks 
2. Plasmolyzed cell 


Fig. 2.6 Plasmolysis in cells 


Activity 3: Place a few filaments 
calcium chloride solution (33%) an 
strong surrounding so 


living protoplasm s 
cell. The cells are plasmolysed. 


lution draws water 
hrinks away from th 


contents of the cell is called plasmolysis and the 
cell is said to be plasmolyzed. If plasmolysis 
proceeds beyond a certain limit, the plasmalemma 
is liable totear, resulting in permanent damage to 
the cell. 

The shrinkage of protoplast from a cell wall 
under the influence of a hypertonic solution is 
called plasmolysis. 

Itcan be demonstrated by placing a filament of 
spirogyra, or a peeling from a rose petal ina 10% 
solution of potassium nitrate. First, the cells 
shrink in size but lateron the cytoplasm breaks its 
connection with the cell wall and gets reduced in 
size. This occurs because of the passage of water 
from the central vacuole to the outside solution. 


SIGNIFICANCE OF OSMOSIS AND PLASMOLYSIS 


1. Water absorption by the root hairs of a plant 
takes place by osmosis. 

The distribution of waterinside an organism 
is largely controlled by osmosis. 

The cells keep their shape and turgid form 
because they are filled with water which has 
entered osmotically. 

The osmotic entry of water causes a swelling 
of the cells. This exerts a pressure called 
turgor pressure. The plumule and the radicle 
are pushed out of the seed because of the 
force developed from turgor pressure. 
Salting of meat, or addition of salt in pickles 
and sugar in jams causes the death of bacte- 
rial and fungal spores by permanently plas- 
molysing their cells. 

Weeds can be killed from walls and play- 
grounds by sprinkling large quantities of 
salt. 


6. 


of spirogyra on a slide in a drop of 


d place it under the microscope. The 


from the cells so that the 
ewalls towards the centre of the 
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7. An excessive concentration of fertilizers should 
be avoided in the soil. This could cause the 
yield to diminish since some plants may die 
due to permanent plasmolysis and interfer- 
ence with normal metabolism. 


ABSORPTION OF MINERAL SUBSTANCES 


In absorbing water, plants take in a considerable 
amount of mineral salts which are dissolved in 
water. Mineral salt absorption takes place near 
the tip of the root. Salts are absorbed only in the 
form of ions. 

The movement into or out of a cell is in many 
instances caused simply by free energy. The term 
passive absorption refers to the movement of 
material into cells as a result of diffusion. Most of 
the water which enters the root is absorbed by 
passive absorption. At certain times, the mole- 
cules and ions of many substances continue to 
diffuse into plant cells even when their concen- 
trations are greater within the cell than in the 

environment. This happens due to forces devel- 
oped in the root and is termed active absorption. 


ROOT, THE WATER ABSORBING SYSTEM 


zone of maturation 


root hairs 


zone of Sal 


meristematic zone 


root cap 


Fig. 2.7 Regions of growth in the 
terminal portion of the root 
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conducting 


The terminal portions of the root absorb water. 
Several general regions may be recognized in the 
terminal portion of a young root. The first of 
these is the root apex covered by a rool cap. 
Behind this is the region of root elongation, 
followed by the root hair zone which bears the 
root hair. 

Root hairs are short lived and develop only 
near the tip of the root. As the root progresses 
through the soil, new root hairs are formed at the 
younger end of the zone of maturation. The older 
hairs, farther back on the root, collapse and 
slough away. 

Root hairs increase the soil contact surface of 
a root system as much as twenty times, and 
because they extend so widely though the soil 
they make available a supply of water and miner- 
als that the plant cannot otherwise obtain. 


PATHWAY OF WATER THROUGH THE ROOT 
—— a. 


tracheid in 
leaf vein 


xylem 


o 


Ri E cvisorms 


stoma 


soil surface 


soil 


Fig. 2.8 Pathway of water SUS the root 


In the absorbing region of the root, the phloem 
does not lie outside the system, but occurs in 
groups of cells that altemate with masses of 
xylem. Hence, it is possible for the water and 
mineral salts to be absorbed by the epidermal 
cells or root hairs, pass through the cortex, endo- 
dermis, and pericycle into the primary xylem, 
and move upwards without traversing the phloem. 


ACTIVE AND PASSIVE ABSORPTION 


Atpresent, itis believed that wateris absorbed by 
two different mechanisms, i.e., active and pas- 
sive absorption, 


Active absorption : Active absorption occurs 
when soil moisture is high and there is slow tran- 
spiration in the plant. Under these conditions, 
water absorption is considered to be primarily 
osmotic in nature. As a result of the activities of 
the living root cells, soil solutes are absorbed and 
accumulatedin the cell sapin high concentration. 
The combined osmotic pressure and the com- 
bined absorptive force of all root cells are behind 
the water and thereby generate root pressure. It is 
this pressure which drives water forcefully into 
the xylem tubes at the root core and so drives sap 
upward through the xylem sap. This movementis 


Activity 4 : 
tion and record it. 


FACTORS AFFECTING ABSORPTION 


Many factors determine the nature and extent of 
the root system, the rate of growth of root, the rate 
at which they absorb water and mineral nutrients 
intact, and all their activities. These factors are : 
1. Aeration of soil : Root growth and metabolism 
are retarded under conditions of poor aeration. 
Under conditions of poor drainage, wilting of the 
leaves is caused by a retardation of water absorp- 


known as active absorption because it depends 
upon the solute content and permeability of liv- 
ing root cells. It is a physiological mechanism 

depending upon metabolic energy. The energy is 

expanded in the absorption and accumulation of 
salts. This mechanism is affected by several 

growth promoters and inhibitors, availability of 

oxygen and temperature. 


Passive absorption : When transpiration exceeds 
absorption, water intake is by passive absorp- 
tion. Active absorption does no function under 
such conditions because rapid transpiration 
removes water and reduces turgor pressure in the 
living cells of the roots. Moreover, rapid move- 
ment of water washes away the solutes upon 
which active absorption depends. Under condi- 
tions of rapid transpiration, the water is under 
tension, and the pressure on the water in the 
vessel is lower than atmospheric pressure. The 
suction force created by the rapidly moving water 
is transmitted to the root, and water is pulled into 
the root from the soil. The diffusion pressure 
deficit of a cell is increased, resulting in an in- 
creased water uptake. The movement under 
these conditions is called passive absorption 
because the force bringing it about arises at the 
top of the plant rather than in the roots. Passive 
absorption is dependent upon transpiration pull. 


Conduct a group discussion on active and passive absorp- 


tion which happens as a result of water replacing 
the soil atmosphere, leaving the roots poorly acr- 
ated. Water-logged soils are physiologically dry. 


2. Temperature of the soil: Low soil temperature 
decreases water absorption. With a rise in soil 
temperature upto a certain limit, the rate also 
increases. At low temperature, water becomes 
viscous, a factor which slows down its mobility, 
protoplasm is less permeable and root growth is 


inhibited. 
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3. Influence of soil type: Different kinds of soil, 
however, differ in their permanent wilting per- 
centage. The permanent wilting percentage of 
clay soil is much higher than that of sandy soil. 


4. Unavailable soil moisture : Plants cannot 
absorb all the water in the soil. There is always 
some water which is held so tightly by the soil 
particles that the roots cannot absorb it rapidly 
enough to prevent wilting. 


5. Moisture content of soil : How readily the 
water is available in the soil is the important 
consideration. Under field conditions, soon after 
rains or irrigation, followed by drainage, the soil 
to a certain depth contains its maximum field 
capacity of moisture. The roots of plants begin to 
absorb the water, and soon the field capacity of 
the soil goes down. Moreover, the movement of 
water by capillarity, from moist soil to that which 
is drier and immediately around the roots, is so 
low that it may be regarded as negligible in 
influencing the water available to the roots. 


6. Root growth and soil moisture : Roots must 
continually penetrate into new soil if they are to 
utilise the water which it holds. Root extensions 
and the formation ofnew roothairs are constantly 
bringing about new contacts with moist cells. 
Cold root hairs become thick walled, a factor 
which extensively limits their ability to absorb 
water. The most efficient water absorption takes 
place at the unsuberized root tip. 


7. Solute concentration of soil solution : As the 
concentration of the soil solution reaches that of 
the cell sap, the rate of water absorption declines. 
When the concentration of the two solutions is 
the same, water intake reduces. And, if the soil 
solution becomes more highly concentrated than 
the cell sap owing to excessive application of 
fertilizers or of saline water, water will be with- 
drawn from the root cells. 


8. Transpiration and absorption : Within limits, 
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if a plantis placed under conditions that cause it 
to transpire rapidly and if soil water is available, 
the rate of water intake increases. At times, when 
transpiration is very rapid, absorption lags be- 
hind transpiration to a point which causes wilt- 
ing, even though the water in the soil is ample. 


2.2 Translocation 


The movement of organic food and inorganic 
substances from one part of the body to another 
in a living organism is known as the transport, 
translocation or conduction of these substances. 
In most living organisms, food is taken in, is 
prepared or digested in one part of the body and 
is then distributed to all the other parts which are 
unable to obtain food materials on their own. To 
transport these substances, every living organism 
is equipped with a special transport system. 

In unicellular microorganisms, there is no 
need for a complicated transport system. The 
entire surface of the organism is in contact with 
its surroundings and materials can diffuse into or 
out of it without difficulty. In higher plants, 
photosynthesis occurs mainly in the leaves while 
water and mineral salts are absorbed only by the 
Toots. The materials absorbed from the soil by the 
roots have to be transported to the dif! ferent parts 
of the plant. In plants, itis therefore vital to have 
a distributing or Conducting system. This system 
is made up of the cells and tissues which occurin 
the vascular bundles. 

In general, a transport system is necessary to: 


1. connect the different parts of the body 
with one another, 


2. transportraw materials to food-synthesiz- 
ing tissues, 

3. transport food materials to all cells, tis- 
sues and organs, including Storage or- 
gans, 

4. distribute water, and 

5: 


transport waste products from different 


parts of the body to the excretory tissues 
or organs. 


TRANSPORT OF MATERIALS IN PLANTS 


The roots of plants absorb water and mineral salts 
from the soil and conduct these up by way of the 
stem to the leaves where the manufacture of 
organic food takes place. We know that the 
organic food, mainly carbohydrates prepared by 
the green cells of the leaf, are conducted to the 
branches, stem and roots for their use and storage. 
This function of conduction or transport is car- 
ried out by specialized groups of cells known as 
the xylem and phloem which, with other types of 
cells, form the vascular bundles of the roots, stem 
and leaves. The xylem tissues are chiefly con- 
cemed with the upward transport of water and 
mineral salts, while the transport of synthesized 
food material in all directions is via the living 
phloem tissue. Water is essential for the normal 
activities of the protoplasm. This can be con- 
cluded from the dormancy of seeds and spores 
(water 10-25 per cent) which resume their activ- 
ity only when in contact with water. 


SIGNIFICANCE OF WATER 


1. Itis a medium of transport of mineral salts, 
food substances, gases, etc. The various proto- 
plasmic substances lie either suspended or 
dissolved in water. 

2. Water acts as a general solvent during bio- 
logical activities. Biochemical reactions nor- 
mally occur in the solution form. 

3. Anumber of chemical transformations have 
water as a reactant or by-product. Photosyn- 
thesis requires water as a reactant while water 
is eliminated as a by-product during respira- 
tion. 

4. Wateris essential to maintain the turgidity of 


the cells. 
5. Some plant movements are a result of turgor 


or water changes. 
6. Water acts as a temperature buffer due to its 


high specific heat. 


ROOT PRESSURE 


When water from the soil enters the root hair, the 
cell sap in the root hair increases in volume. It 
exerts a pressure on the cytoplasmic layer and the 
cell wall, and the hair becomes turgid. The cell 
wall, because of its limited elasticity, exerts a 
counter-pressure on the cell sap. This counter- 

pressure tends to squeeze out some of the water 
which has entered the cell. Under this pressure 

and due to the higher concentration of the cell sap 

inthe neighbouring inner cortical cells, the water 
is propelled forward into the cortex. Throughout 

the cortex the cells develop a similar pressure 

and, under it, the water is finally forced into the 

xylem from the endodemnis. This pressure devel- 

oped in the cells of the root which forces water 

into the xylem is known as root pressure. 


manometer 


mercury 
rubber tubing 


potted plant 


Fig. 2.9 Experiment to demonstrate 
root pressure 


21 ecw 15:26 


Activity 5 : Todemonstrate root pressure. Root pressure can be demon- 
strated by the mercury manometer experiment. : š 
A potted plant, which has been well watered previously, is taken. Its 
stem is cut off an inch or two above the soil level and a bent glass tube 
filled with mercury (manometer) is attached to the cut end by means of 
a rubber tubing. The cutting of the stem and the attaching of the ma- 
-nometer should be done underwater to exclude air bubbles getting in. 
Since the plant has been watered previously, there is plenty of water in 
the soil for absorption. It is seen that the absorbed water is ejected into 
the xylem by root pressure and so it flows out of the cut end with force. 


As a result, the mercury in the manometer rises 


shown in the figure. 
ASCENT OF SAP 


In plants, wateris transported mainly through the 
xylem vessels of the vascular bundles. These 
cells are arranged one on top of the other so as to 
form long columns which are continuous from 


xylem tissue (stained red) 
f l i other tissue (not stained) 


eosin solution 


ak g 
| 
i 
xylem tissue (stained red) 
a | Ņ other tissue (not stained) 
A y ⁄ > 


D 
xylem tissue (stained red) R 
other tissue (not stained) Q 


up in the open limb, as 


the roots to the top of the plant. The sap (the 
absorbed soil solution) gradually rises up through 
the root, stem and finally passes along the veins 
of the leaves. This upward movement of water 


against the downward pull of gravity is known as 
the ascent of sap. 


leaf (transverse 
section) 


root (transverse 
section) 


Fig. 2.10 Ascent of sap, To show that 


xylem conducts 


water 


upwards to the roots 
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Activity 6 : To show that the xylem tissues conduct water upwards from 
the roots. A medium-sized herbaceous plant (e.g., balsam) is uprooted, 
washed and placed in a beaker containing eosin solution. The roots 
must be completely covered by the solution. This arrangement is set 
aside for about three hours. = SER 
At the end of this period, the plant is taken out of the solution and 
washed in tap water. Then, transverse sections are made of the roots, 
stem, branches and leaves. These are examined under a microscope. 
The xylem vessels stand out significantly because they are stainéd red 
by the dye, indicating that water has been conducted through them in 
the different organs. Ç 


Activity 7 : To demonstrate that the xylem is the path of water conduc- 
tion. Take two leafy shoots. Keep their lower ends dipped in water. 
Removea2-4cmlong ring of bark in the middle of one shoot and remove 
the xylem of the other for a similar length. Fix the shoots toa stand and 
let the apparatus remain for a day. The leaves of the first shoot will 
remain turgid while those of the second will wilt. Wilting occurs in the 
shoot in which the xylem has been removed. The turgid leaves are pres- 
ent in the shoot in which the xylem is intact and capable of taking part 


in the conduction of water. 
The tracheids and the vessels are the two xylary elements which are 


helpful for long distance conduction. 


1. shoot with bark 
removed remains 
turgid 


Fig. 2.11 Determination of path of 
water conduction 


FORCES RESPONSIBLE FO 


The water that enters 


particles, traverses up the xylem ves 


ring of bark 
removed 


Varicus theories have been propounded from 
time to time to explain the ascent of sap. Some of 
these hoid that the ascent of sap is brought about 


i wilted leaf 
$ finally reaches the leaves. In small-sized plants, 
Al this is not difficult to understand. But how does 
f l A this happen in very tall trees like the eucalyptus? 
x 


xylem i $ 
remavedh el purely by physical forces and are called the 


Physical theories, while others contend that the 
living cells develop a vital force which is respon- 
sible for the ascent. These are known as the vital 
theories. The most important of these two sets of 
2. shoot with xylem theories are mentioned below. 
ara el 1. Theory of capillarity : According to this the- 
ory, the xylem vessels are considered to be a set 
of very fine capillary tubes and water rises up in 
R THE'ASCENT OF SAP these purely by the physical force of capillarity. 
Bohm (1863) was once of the view that water can- 
the root hairs from the soil rise upwards in the narrow xylem vessels due to 
sels and the force of capillarity. 
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2. Theory of imbibition : Sachs (1874) thought 
that water can rise upwards in the xylem vessels 
through imbibition. 


3. Theory of root pressure : According to this 
theory, itis the root pressure which forces the sap 
in an upward direction in the xylem vessels. 


4. Theory of the lifting power of transpiring 
shoots : The evaporation of water from the aerial 
parts of the plant causes a suction from below 
which causes the sap to be sucked up. 


5. Suction pressure and cohesion theory : This 

theory was put forward by Dixon and Joly. 

According to this theory, the ascent of sap is 

brought about by the great cohesive force which 
RY 


tinged stem with 
phloem removed 


= 


. Start of experiment 


tissue 


Fig. 2.12 To show that the phloem 


transports 
substances 


exists between water particles. Because of this 
cohesion, the continuity of water is not lost even 
when there are air bubbles in the xylem. 


6. Theory of cellular pulsation : This is a 
vital theory propounded by the late Sir J.C.Bose 
(1923). According to this theory, the ascent of 
sap is mainly through the cortical cells which 
exhibit a pulsatory movement. They expand and 
contract in an altemate manner and this causes 
a pumping of the sap in an upward direction. The 
xylem vessels are lime reservoirs into which 
water is emptied or from which it is withdrawn, 
by the pulsating cortical cells as occasion de- 
mands. 

The above theories however cannot be proved 
by ordinary experiments. 

N fa 


MEA 


stem swollen with 
accumulated food 


= 


<“ 


2. end of experiment 
food 
downwards 


from the leaves 
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cells and few other layers of cells that are moved, but not the xylem cells 
which are still intact in a ringed region. 

- The plant is allowed to grow for a week or two and observed at the 
end of this time. It will be found that the leaves and branches continue 
to remain fresh. However, the portion of the stem just above the ringed 
region becomes swollen. 

This shows that soil water is being conducted upwards as usual, but 
the food manufactured in the leaves is conducted downwards only upto 
the level of the ringed region. No prepared food can be sent below this 
region because of the interruption of the food conducting phloem tissue 
at the cut region. Asa result, food accumulates at the ringed region and 
the cells here grow and increase in number to give a swollen appearance 


to the stem. 
THE SIGNIFICANCE OF GIRDLING IN FRUIT TREES 


Food materials are prepared mainly in the green 
parts of plants, especially in the leaves, and 
transported to other parts of the plant through the 
phloem. The transport of shoot types and fruits 
may be upwards or side ways. The transport of 
food to the roots takes place by a downward 
movement. 

Girdling is practised to kill trees. The tissues 
below the girdle show starvation and ultimately 
die. It is also practised to produce flowers and 
fruits. The accumulation of food above the girdle 
region produces abnormally large fruits. 


TRANSLOCATION OF SOLUTES 


Theories of phloem transport : Simple diffusion 
cannothelp in the transport of organic substances 
because the observed rates of phloem transport 
are over 20,000 times the rate of simple diffusion. 
The currently accepted theory is known as the 
mass flow or pressure flow theory, put forward 
by Munch. According to this theory, the turgor 
pressureis very highat one end ofthe phloem and 
very low at the other end. This causes entry of 
water at the high turgor pressure end and a flow 
of fluids towards the end having low turgor 
pressure. The theory is proved by 1) the oc- 
curence of pressure in the sieve tubes, 2) all the 


substance dissolved in the sieve tubes generally 
moving with the same velocity, and 3) virus 
particles moving in the direction of food move- 
ment, as found by Bennet. 

interconnection 


sugar solution 


semi- 
permeable 
membrane 


Fig. 2.13 Mass of pressure flow of 
fluids from higher to lower 
osmotic pressure (Munch's 
Theory) 


Conduction of mineral salts: The newly absorbed 
mineral salts are circulated in the body along the 
transpiration stream occurring in the xylem. They 
reach the leaves. A good portion of minerals are 
used up in the leaves. The remaining come out of 
them andare distributed to other parts of the body 
along with food. Hence both the xylem and 
phloem are employed for the conduction of mineral 
salts. 
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Some basic concepts 


Roots are responsible for the absorption of water and minerals from the soil and 
conduction of the same to the stem, leaves, etc. Soe š 
Slender and flexible root hairs penetrate through the soil particles and absorb 
water from the intervening spaces. See a 

Water absorption by root hairs occur chiefly in two ways—imbibition and diffusion. 
imbibition is the soaking up of a liquid by a solid matter. : š 
Diffusionisthe movement of the molecules of a substance from a region of greater 
concentration to a region of lower concentration. : 
Much of the uptake of water into the root takes place through the physical process f 
of osmosis which may be a special instance of diffusion. 


Some suggested activities/projects 


n 


phenolphthalein in 


water 
pink stream 
cellophane 
i [ 


Fig. 2.14 Diffusion 


Fig. 2.15 Osmosis 


1.DIFFUSION 


To a large test tube of water, add a few drops of one per cent solution of phenolphthalein in alcohol. 
Cover the mouth of the tube with a piece of wet cellophane. Fasten it with a rubber band and invert 
the tube over a bottle of ammonium hydroxide, A pink stream will move Tapidly up through the test 
tube. Since phenolphthalein tums deep red in an alkaline medium, a stream of molecules in motion 
becomes visible. 
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2. a. OSMOSIS THROUGH A RAW EGG 


Crack an egg carefully and remove the shell at the blunt end to expose the underlying membrane. This 
is a semi-permeable membrane. Invert the egg and fit it into the mouth of a bottle of water. Next, 
break the other end of the egg carefully to make a small hole to fit a piece of glass tubing, which is 
to be inserted into the egg contents. Water diffuses through the exposed shell membrane at the blunt 
end, up through the egg, out of the hole in the top, and up the tube, carrying with it some of the egg 
content. ‘ 


b. OSMOSIS IN RAISINS (DRIED GRAPES) 


Soak some raisins in tap water for several hours. They swell up because water molecules enter them 
through the pores of the membrane, and the water around them becomes sweet because molecules 


of sugar diffuse out of it through the membrane. 
c. OSMOSIS IN CARROT (CARROT OSMOMETER) 


Choose a carrot with a large top and scoop out a cavity of about two cm at the top. Prepare a 


` s$ of water in Fig. 2.17 Hydrotropism is stronger 
Fig. 2.16 ea Sah than geotropism, 
ri 
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concentrated sugar solution and fill the cavity. Take a cork and bore a hole through it. Pass a glass 
tube through the cork and fix itinto the cavity. Apply molten wax along the cork to make the apparatus 


air tight. Mark the level of sugar solution in the tube. Place the carrot in a beaker, containing water. 
Keep the beaker aside for 30 minutes. 


The level of solution in the tube rises. This shows that the carrot has absorbed water from the 
beaker. 


ROOTS RESPOND TO STIMULI (HYDROTROPISM) 


Take a basket made of coir netting and fill it up with moist saw dust. Place a few soaked seeds in the 
saw dust. Hang the basket from a hook, so that itis at some height from the ground. You will observe 
that the roots initially grow downwards in response to' gravity and come out of the basket. But they 


soon turn back towards the moist saw dust and enter the basket forming loops. This showns that the 
stimulus of moisture is stronger than the stimulus of gravity. 


PROTOPLASM OF A PLANT CELL ACTING AS SEMI-PERMEABLE MEMBRANE 


Take a thin slice of a beetroot (the cells contain coloured cell sap). Place it in a drop of water on a 
slide and examine it under a microscope. (Its cells contain red cell sap. The cell sap is contained in 
a large vacuole which is surrounded by a thin layer of protoplasm. Outside the protoplasm is the cell 
wall.) 


Heat the slide until the wateronitboils. The protoplasm around the vacuole will be killed. Examine 
the slide now. The cell sap escapes from the cells. This observation proves that the protoplasm, while 
living, acted as a semi-permeable membrane since it did not allow the solution (cell sap) to diffuse 
out of the cell. 


REVISION 


L Choose the best answer : 


1. Osmosis means 


a. the passage of molecules from a region of high concentration to a region of low concentra- 
tion. 


b. the loss of water from leaves. 
c. the uptake of water from roots. 


d. the flow of a weak solution to a stronger solution when the two are Separated by a semi- 
permeable membrane. i 
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II. 


III. 


2. Osmosis is the diffusion of a solution of weaker concentration into a solution of a higher con- 


centration, when both are separated by a semi-permeable membrane. Whatis the error in this 
statement? 


a. The movement of water molecules is not specified. 

b. The behaviour of the semi-permeable membrane is not specified. 
c. The exact concentrations of the solutions are not indicated. 

d. There is no mention of the isotonic nature of the solution. 


. Water from the soil enters the root hairs on account of 


a. atmospheric pressure. b. rain water only. c. free running. d. water in the form of dew. 


. Roots absorb the water from soil, which is 


a. hygroscopic. b. rain water only. c. free running. d. water in the form of dew. 


. The outward pressure exerted on the cell wall in a state of tension, by the fluid of the cellis called 


a. atmospheric pressure. b. turgororessure. c. plasmolysis. d. root pressure. 


Fill in the blanks. 


is the net movement of molecules and ions from a region of higher con- 


TE SP CR t 
centration to a region of lower concentration. 


is the entry of water into a stronger solution through a semi- 


i permeable membrane. 
. A allows the passage of water or solvent through it but prevents the 


ae ee AK 
movement of solute particles. 


_ An external solution which has an osmotic concentration similar to that of an organ is called 


. The shrinkage of the protoplasm from a cell wall under the influence of a 


solution is called plasmolysis. 


. The reverse process of plasmolysis is known as 
. The epidermal cells of roots and the single-celled root hairs are in constant contact with 


which is found in the spaces between the soil particles. 


. When the cei! wall is fully stretched, the cell is said to be 


Differentiate between the following pairs : 


. xylem and phloem 
. osmosis and diffusion 


3. endosmosis and exosmosis 
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IV. 


. The movement of organic food and ino 


. turgidity and flaccidity of cells 
. root pressure and turgor pressure 


. Bohm’s theory and the Cohesion theory 


Answer the following questions : 


. What is meant by plasmolysis ? Illustrate this phenomenon with suitable examples. 
. What is the significance of osmosis ? 


. How do plants obtain their raw tood materials ? 
. Describe an experiment to demostrate root pressure. 


. What is ‘the girdling or ringing experiment’ ? Explain this with the help of suitable illustration. 


Complete the following staternents : 


. Root pressure in a plant is measured by 


—_—  _ 


. The ascent of sap means 


The cohesive force theory was proposed by 


- The ascent of sap takes place through the _ 


- is the most important factor responsible for the ascent of sap. 


Suggested the imbibition theory for the ascent of sap. 


. The principal carbohydrate that is translocated in the phloem is 


. The organic substances that are translocated in the phloem can be demonstrated by 


rganic substances from one part of the body to another 
in a living organism is known'as 


. The function of conduction is carried out by s 


pecialised groups of cells known as the 
Gina) G t Se AR SPA 
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3, Organisation of plants and animals 


organisation of plants and animals-the world of microscopic organisms-algae-oscillato- 


ria-fungi-rhizopus-yeast-mushroom-bryophyita - riccia-moss-pteridophyta-fern-gymno- 


spermae. 


You are already aware that multicellular organ- 
isms display division of labour among their cells. 
In other words. different cellular groups are geared 
to perform specific functions. 


3.1 The world of microscopic 
organisms 


There is an amazing world of microorganisms 
which includes tiny bacteria, and unicellular 
plants and animals. Scientists have also explored 
life in still smaller entities calléd viruses. These 
sub-microscopic units, often with precise geo- 
metric shapes, are considered half way between 
the living and non-living. To systematise the 
study of the diverse forms of plants and animals, 
they are classified into groups and sub-groups. 


About 25,000.species of algae are known. They 
may be unicellular like chlamydomonas, 
colonial like volvox, filamentous like ulothrix, 
spirogyra or with large thalli like sargassum, 
fucus. 

Several kinds of animals inhabit our planet. 
Their habitats may be aquatic (Oceans, seas, 
rivers, streams, lakes or ponds) or terrestrial (dry 
or grassy lands, deserts, forests, hills or moun- 
tains). Some are amphibious, i.e., they are ca- 
pable of living both in water and on land, and 
some dwell underground. Many live on or inside 
other organisms. All these forms exhibit diverse 
structural organisation well adapted to their 
environments. The animals may be unicellular or 
acellular (¢.g., amoeba, paramoecium) or mul- 
ticellular. 


Activity 1: Examine the above-mentioned algae and protozoans 
under the microscope and draw labelled sketches. Write two lines about 


each. 


3.2 Algae-introduction to cryptogams 


These constitute a group of non-flowering plants 


known as cryptogams. Algae may be seen as 


green orblue-green patches on moist ground, tree 
trunks, old walis and other moist places. Some 
algae are found as scums or suspensions in the 
stagment water of pools and ponds. Some algae 


are found attached to stones or other objects 
submerged in water. Some others are even found 
in rivers, streams and water falls. The algal 
growth onthe surface of water sometimes may be 
so thick as to give a district colour to the water. 
This is called ‘algal bloom’. 

The cyanophyta are a primitive group of algae 
exhibiting very simple body construction. They 
are popularly known as blue-green algae, (e.g., 
Nostoc. 

The chlorophyta are another group of green al- 
gae. These are algae which are green in colour 
due to the presence of chlorophyll pigments, e.g., 
Ulothrix. 

The phaeophyta or the brown algae are almost 
all marine (e.g., Sargassum). Some large forms of 


Activity 2 
green, red and brown algae. 


3.33 Oscillatoria 


oe 
Fig. 3.1 Oscillatoria 


Oscillatoria, an unbranched filamentous form 
found floating in ponds, is an aglae. 


CELL STRUCTURE 


The cells of a trichome, except the apical cells, 
are in the form of short cylinders, The apical cells 
may be hemispherical and knob-shaped. 

The protoplast is distinguishable into a mar- 
ginal chromoplasm and a central body. Each cell 
has a thin firm layer immediately external to the 
plasma membrane and an outer gelatinous sheath 
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: Observe the preserved sp 


brown algae (kelps) occurring in the sea are rich 
sources of algin and iodine, whereas a few red 
algae are used as vegetables and to extract agar. 
The group rhodophyta includes red algae (e.g., 
Achrochactium) Some algae yield medicinally. 
important products. Some algae are used as fod- 
der for cattle. Reclamation is the process of 
growing algae in saline and alkaline waste lands 
andmaking them useful forcultivation. Algalisa- 
tionis the method of growing blue-green algae on 
the surface of cultivated soil. Some blue-green 
algae such as Nostoc and Anabaena, capable of 
fixing atmospheric nitrogeninto Nitrates, are also 
important in maintaining the fertility of rice 
fields. À 


ecimens and slides of green, blue- 


of considerable thickness. The wall immediately 
adjacent to the protoplasm has some cellulose in 
its composition and the sheath contains pectic 
compounds. In some species of Oscillatoria, 
pseudo-vacuoles are present. It contains the blue 
pigment phycocyanin found in addition to the 
usual green chlorophyll in their cells. It belongs 
to the group, cyanophyta (blue-green algae). 


LOCOMOTION 


Oscillatoria is so named because of the swaying 
and revolving movements of its trichome. The 
motion is generally a creeping ora gliding onein 
the direction of the long axis and may occureither 
backwards or forwards, Many species of Oscil- 
latoria show clockwise or anti-clockwise rota- 
tion. The front end of the thread exhibits slow, 
somewhat jerky, pendulum-like oscillations. Itis 
reported that this type of movement occurs when 
the tip of the trichome is not in contact with the 
Substratum. Oscillatoria shows movements of 
translocation, and these movements are always 
accompanied by secretion of mucilage. 


REPRODUCTION 

The only known method of reproduction of Oscill- 
atoria is vegetative, by the formation of hormogo- 
nia (the separated parts of the filament). The fila- 
ment after growing to a certian length gets sepa- 
rated into two or more portions. This is brought 
about by the formation of double concave discs of 
gelatinous material (separation discs) between 
two adjoining cells. The hormogonia have greater 
capacity forlocomotion than the trichomes. They 
move away from the filament in which they are 
formed and grow into new filaments. 


SPECIAL CHARACTERISTICS OF BLUE-GREEN 
ALGAE 


Blue-green algae differ from all the other algae 
in that the pigments are not localised in 
definite chromatophores but are confined to the 
peripheral portion of the protoplast. A second 
unique feature of these algae is that they have a 
primitive type of a nucleus, the central body, 
lacking a nuclear membrane and nucleoli. Ab- 
sence of flagellated reproductive bodies and total 
lack of gametic union clearly stress the primitive 
_ character of the group as a whole. 


Activity 3 : Examine the prepared slide of Oscillatoria and learn 
about its various parts. Go to a pond in your-locality and collect some 


floating Oscillatoria. 


3.4 Fungi 


Fungi are plants which do not possess chloro- 
phyll. They are therefore incapable of preparing 
food materials from simpler compounds, and live 


either as parasites or saprophytes. 
Fungineed moisture in which to grow, and, as 


they donot use light for nutrition, they can live as 
wellin dark asin light conditions, althoughmany 
need light in order to form spores. Mushrooms 
and toadstools grow fast because the cells absorb 
water and grow bigger. 

The vegetative body of a fungus is called a 
mycelium. This consists of many threads, both 
straight and branched, called hyphae. In some 
fungi, these threads are divided into cells by cross 
walls (septate condition) but in others, the cross 
walls are absent (aseptate condition). The thread 
or filaments may form a loose, fluffy white mass, 
as in moulds which form on decayed fruits, or 
they may be closely woven together to form 
structures like mushrooms, toadstools and puff 
balls. The underground vegetative mycelium in 
mushroom is highly branched and they are known 
as rhizoids. They play an important role in the 
absorption of nutrients. Yeasts are unicellular 


but they are closely related to the filamentous 
species. The yeast cell multiplies vegetatively by 
fission or budding. 


THE FUNGAL CELL 


The cell wall of the vegetative cells of all the 

fungi, with the exception of a few primitive 

species, contain a form of chitin. A kind of fungal 

cellulose is present in a young hypha. The cyto- 

plasm fills the cells. Ths surface layer of plasma- 

lemmaoccurs onthe innersurface of the cell wall. 

The endoplasm contains a system of mebranes 

and vesicles. Vacuoles are not seen in the young 

hyphae. The large vacuole seen in the older 

hyphae are formed by the coalition of the smaller 
vacuoles. Each cell contains one or more nuclei. 

A distinct nucleolus is present. Aseptate hyphae 

are multinucleate and this condition is known as 

coenocytic. The individual cells of septate hy- 

phae may be multinucleate or uninucleate. Mito- 

chondria as small bodies are found in the fungal 
cells. Food particles, chiefly glycogen and lipid 
substance, also occurin the endoplasm. Plastids 
and starch grains are absent. Pigments other than 
chlorophyll may occur in the cytoplasm. 
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NUTRITI : substances as energy sources. So fungi are 

a heterotrophic and the mode of nutritionis hetero- z 
i i ism. The growth of fungiis betterinasub- ` 
lack chlorophyll or other photosynthetic trophism. eg Su 

S xz So ae Cannot manufacture organic stratum Containing carbohydrates. The fungi that 

oe from carbon dioxide and water with live on dead plants and animals are called sap- 

the aid of light energy as green plants can. All robes. Fungi infecting living organisms and obtain- 

fungi need pre-synthesised oxidisable organic ing food from them are known as parasites. 


Activity 4 : Observe the natural specimens or prepared slides of mucor, 
mushroom, penicillium, yeast, etc. Find out whether they are sepiate or 
aseptate. Organise an exhibition on Mycology’ and invite other classes 
for the same. 


Activity 5: Moisten a slice of bread and place itina tin with a well 
fitting lid or under a petri dish. Leave it in a warm place until the 
surface is covered with musor (Rhizopus) or penicillium or both. 
Examine a portion of each of the two mycelia, mounted in water, under 


the microscope. Notice the stages in the fermation of. sporangia in mucor 
and also the burst ones. 


3.5 Morphology of Rhizopus STRUCTURE 
g) 

ANA The plant body of Rhizopus is called mycelium. 

Itconsists ofa network of branched threads, each 
of which is called a hypha. The hyphae are tube- 
like structures. Within them is a granular cyto- 
plasm which contains many small nuclei and 
vacuoles. The hyphae are not divided into dis- 
tinct cells by cell walls across the tube-like 
structure. Some of the hyphae are Slightly arched, 
They are called stolons. The stolons spread 
parallel to the surface of the Substratum on which 
themycelium has embeddeditself, These stolons 
bear some branches which are not parallel to the 
base but are upright in the air. These erect aerial 
Structures are themselves unbranched and are 
called sporangiophores. They appear only at 
intervals along the stolons. The sporangiophores 
have small swollen Spore sacs, called sporangia, 
at their tips. Some of the hyphae also have black 
heads at their ends. The stolons bear clusters of 
branched hyphae which Spread downwards and 
penetrate the supporting surface. These hyphae 
absorb food material from the substratum and 
help to fix the Mycelium. 
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spores 


mucor 


spores 


Fig. 3.2 Structure of rhizopus 


Rhizopus is a common bread mould which Spreads 
like a cobweb on animal dung, wet shoes, moist 
bread, rotten vegetables and fruits, 


` Agaricus is a saprophy' : 
moist soil whichis rich in organic matter, 


3.6 Morphology of yeast 


Yeast is an unusual type of fungus. It doe: not 
have a branching mycelium. Instead, it consists 
of alarge number of minute oval cells. Each cell 
is about eight microns (one micron = 1/1000 
mm) in diameter. 

Yeast grows wildand feeds saprophytically on 
the juices of fallen, over-ripe fruits (like apples, 
grapes;etc.) and on juices containing sugar (such 
as those of date palm, sugar cane, etc.) 


nucleus 


nuclear vacuole 
chromatin thread 
glycogen 
‘volutin granule 


Fig. 3.3 Structure of a yeast cell 
STRUGFURE aT gs 


Yeast.is a collection of single cells: Each cell 
possesses a thin cell wall and a relatively thick 
layer of cytoplasm surrounding a large central 
vacuole and the nucleus: Dark strands of the 
nuclear reticulum connect the nucleus to the 
walls of the vacuole. The cytoplasm contains 
glycogen, protein and volutin (a 


granules of L 
]obules of oil, mitochondria, and 


phosphate), g 


Simple sugar 


Activity 6 : 


Zymase 
CH O, —— > 2C ,B,OH +2 CO,+ 21 Calories of energy. 
(Ethyl alcohol) 


one or two small vacuoles. 


NUTRITION 

Yeast cells are saprophytic in nature. They 
absorb the sugar and the simple nitrogen com- 
pounds present in the juices of the fruits and 
plants on which they grow. From these sub- 
stances, the cells obtain proteins, vitamins, etc. 
which they requir for their growth and func- 
tions. 

The yeasts employed in the fermentation of 
wine and cocoa live on the soil of the vineyards 
or orchards. Such yeasts are called wild veasts. 
Yeasts that are employed in brewery and bakery 
are called cultivated yeasts. 

From the vegetative standpoint, yeasts are of 
two general types : š 


1. Budding yeasts: The cells of yeast multiply by 
budding. 


2. Fission yeasts : The yeast cells multiply by 
fission, i.e., a process in which a cell divides into 
two daughter cells of equal size. 

The process of incomplete oxidation of the 
simple sugarby the enzymes secreted by yeasts in 
which alcohol and carbon dioxide are found as 
end products is called alcoholic fermentation. 

Alcoholic fermentation can be equated chemi- 
cally as follows: 


Buy some baker’s yeast from grocer’s shop. Suspend some 


in a warm sugar solution. After two or three hours, examine a specimen 
of the solution under a microscope. You will be able to observe the - 


budding of the oval yeast cells. 


3.7 Morphology of mushroom 
(Agaricus) š 


tic fungus, growing on 
and on 


dead woods. It has an underground mycelium 
which is made up of interwoven hyphae. The 
hyphae are septate and each cell is binucleate. 
This mycelium in which the cells are binucleate 
is called the secondary mycelium. However, itis 
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cells. 


pileus 


annulus 


stipe 


underground 
mycelium 


Fig. 3.5 Agaricus - Fruit body 


formed from a primary mycelium in which the 
cells are uninucleate. What comes above the 
ground as an umbrella-like structure is really the 
reproductive part of this organism. It is to this 
reproductive or fruit body that the term mush- 
room is applied. 


Activity 7 : Examine and draw 


mushroom. Cut vertical sections t 


the various stages of a 
o find the developing gills. 


STRUCTURE OF AGARICUS 


The mushroom consists of a central, thick stalk 
called stipe and a broad, expanded cap-like por- 
tion on the top of the stipe, called the pileus. 
Close to where the stipe joins the pileus, there 
may be seen a collar-like structure around the 
stipe. This is called the annulus. The top of the 
pileus is convex but on its underside are found 
many plate-like strctrures radiating from the stipe 
towards the edge of the pileus; each is called a 
gill-plate. The stipe and the pileus are made up 
of closely packed hyphae, which forma false par- 
enchymatous tissue. The gill-plates will, in 
Course of time, bear spores. 


REPRODUCTION 


The mycelium of Agaricus reproduces by three 
methods: 1) vegetative, 2) Sexual, and 3) asexual. 


1. Vegetative reproduction: The mycelia gener- 
ally grow profusely over cow dung. They are 
Separated into bits and grow independently. 


2. Sexual method : Agaricus does not produce 
Sex organs for sexual reproduction. The basidio- 
Spores formed from the sporophore grow to from 
the promycelia containing a single nucleus. The 
promycelia growing close to each other fuse and 
form binucleate mycelia. This process is called 
Somatogamy. These grow into thick mycelia 


called rhizomorphs. They produce the umbrella- 
like aporophore. 


3. Asexual reproduction : The underground 
mycelium of Agaricus stores plenty of food and 


developing 


forms thick rhizomorphs. After lightning and 
heavy down pour of rain, the rhizomorphs de- 
velop the umbrella-like sporophores. 


3.8 Bryophyta 


In these, the plant body is a gametophyte, which 
is a flat, green thallus in liverworts Riccia) and 
a leafy, erect structure in mosses (Funaria). They 
are attached to the substratum by means of hair- 
like outgrowths, the rhizoids. The gametangia 
are multicellular. The sporophyte remains attached 
to the gametophyte and is dependent on it for 
nutrition. Bryophytes grow on land but require 
the medium of water for reproduction. 

Thus Bryophytes are characterised by simple 
thallus construction, presence of photosynthetic 
apparatus, and production of sex organs, namely, 
antheridia and archegonia, etc. These plants 
exhibit a distinct alternation of generation. 

Bryophytes are also known as amphibious 
plants because they require moist habitats in 
order to complete theirlife cycle. The sex organs 
are jacketed or covered over by sterile cells. An 
embryo is formed soon after fertilization. The 
embryo grows into a parasitic diploid structure 
called sporogonium. The dominant phase of the 
life cycle or plant body is represented by haploid 
gametophyte. It is named so because it bears 
gametes in its sex organs. The plant body can be 
flat and lobed like a thallus or differentiated into 
leaves, stems and rhizoids. The two types are 
respectively known as thalloid and foliose. 


3.9 Gross morphology of Riccia (liver wort) 
HABITAT OF RICCIA 


Ricciais commonly found growing ondamp soil, 
in shady places, and on the surfaces of rocks 


where there is plenty of moisture. 
MORPHOLOGY 


Riccia is a gametophyte which isa thallus. The 


rosette of thalli a single thallus 
Fig. 3.6 Riccia thallus 
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Fig. 3.7 Riccia thallus 


thallus grows prostrate on the substratum. The 
plant body is a flat and fleshy thallus which 
branches freely in a dichotomous fashion to form 
aroseite patch. The branch ofthe thallus is linear, 
wedge-shaped or obcordate. Itis thickened inthe 
sagittal axis. It has a median longitudinal furrow 
on its dorsal surface. A depression is seen at the 
apex of a branch which forms an apical notch. 
The growing point of the thallus is situ ated in the 
apical notch. On -the ventral surface of the 
thallus, many scales and thizoids are found. 
Rhizoids are unicellular, elongated, hair-like struc- 
tures. They are of two types: 1) smooth walled 
rhizoids, and 2) pegged rhizoids. The smooth 


Ë 


z 


Fig. 3.8 Riccia thallus 
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walled rhizoids are plain tubular structures whereas 
the pegged rhizoids have rod-like or plate-like 
ingrowths of the wall projecting into the lumen of 
the thizoid. The smooth-walled rhizoids are 
concerned with fixation of the thallus and absorp- 


tion of water and mineral salts. The tuberculate 
thizoids can function as capillaries. 

The scales are multicellular, violet and one- 
cell in thickness. They are arranged in a single 
row on the ventral surface of the thallus. 


Activity 9 : Collect as many liverworts as you can and study the ar- 
rangement of leaves on the ‘leafy’ forms. : 

Look for antheridia (male sex organ), archegonia (j female sex organ) 
and gemmae; they are all more common than you might think. 


} Activity 10 : Cut transverse sections of ‘thallose’ forms and look for. 


pores and photosynthetic filaments. : 


3.10 Moss (Funaria) 

HABITAT OF FUNARIA 

Funaria belongs to a group of bryophytes com- 
monly called mosses. It grows in tufts on moist 
and cold places andis found all over the world, It 
is one of the mosses to be found in burnt land 
where ashes of plants remain. Sometimesit also 
occurs on moist walls and rocks. 


THE STRUCTURE OF GAMETOPHYTE 


stem 


rhizoids 


Fig. 3.9 Funaria — Gametophyte 


_8et organised intoas 


Funariais aleafy Bryophyte commonly growing: 
in moist and shady places and on damp walls. It 
grows to a height of an inch. The plant body is 
differentiated into root-like rhizoids, stem-like 
axis and leaf-like outgrowths. From, the base of 
the axis arise a number of hair-like structures, the 
thizoids. The rhizoids fix the plant to the soil and 
absorb water and mineral substances. The slen- 
der axis may be branched or unbranched anderect 
or prostrate. Its intemal structure is very simple, 
without much differentiation of tissues. The 
epidermis encloses the fundamental tissues. There 
are no vascular tissues. Hence, the axis is not 


‘comparable to the stem of higher plants. Small, 


simple and sessile leaves are arranged in a spiral 
manner. The leaves are of one-cell thickness 
except in the region of the midrib. All the cells 
contain chloroplasts but there are no stomata. 

The moss plant belongs to the gametophytic 
generation. Itproduces both male and female scx 
organs, namely, antheridia and archegonia. Hence 
‘the moss plant is said to be homothallic. 


THE STRUCTURE OF SPOROPHYTE 


The zygote divides to forma mass of cells which 
Porophyte. The sporophyte 
mplex in structure. It con- 
and a capsule. The foot iS 
Ophytic tissue. It helps tO 


of moss is highly co 
Sists of a foot, a Seta 
buried in the gamet 
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Fig. 3.10 Sporophyte of Funaria 


absorb water and salts from the gametophytc. 
The long slender stalk is the seta. At the tip of the 
seta is a barret-shaped structure, the capsulc. 
Since it produces spores, it is called a spore 
capsule or sporangium. 


` Activity 11 : Observe the preserved specimen of Riccia and Funaria. 


Draw labelled sketches. 


Activity 12 : Collect different types of mosses and study the arrange- 
ment of the leaves, mode of branching, cell types and distribution in the 


leaves. 


Activity 13 : Search for mosses with capsules. Study their external 
morphology using a lens and then a dissecting microscope. 


Activity 14 : Cut sections of stems and leaves. Make a small hole in the 
. centre of some pith. With a pair of. forceps push several moss stems into 


it. Then cut wt 


th a razor or razor blade and put the sections directly into 


a drop of water on a microscope slide. Record your observations. 


_ Activity. 15 : Try to grow spores on agar or in liquid culture. Attempt 
the culture of mosses from fragments of leaf, stem, etc. 


Activity 16 : Look for antheridia and archegonia in mosses which form 


a distinct apical rosette. 
3.11 Pteridophyta 


The pteridophytes resemble bryophytes in the 
structure of their sex organs, ciliated antherozoids, 
formation of embryo, clear alternation of genera- 
tion and requirement of extemal water during 
fertilization. They are, however, much more 


complicated. 

The pteridophytes are 
land plants. They posses 
system in the form of xylem an 


the earliest vascular 
s a distinct vascular 
d phloem, consist- 


ing only of tracheids and sieve elements, respec- 
tively. There is a gradual reduction in their 
gametophytic generation, and the sporophyte is 
dominant as well as independent. Their plant 
body is differentiated into true root, stem and 
leaves. However, as compared to the gymno- 
spermsand the flowering plants, they donot form 
seeds. Selaginella, Psilotum, Equisetum arc 
some of the well known examples. Lycopodium 
produces plenty of spores which are used in 
dressing wounds and in making gun powder 
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Ferns, the most common members ofthis group, account of the presence of the vascular strand, the 


are grown in gardens for their foliage althougha pteridophytes are commonly known as vascular 
few are also used as food and medicine. On cryptogams. ` š 


Activity 17 : In a fertile leaflet of fern, locate the distribution of sori. (A 
sorus is a collection of sporangia:). Tease a sorus onto aglass slide and 
observe the stalked sporangia under the microscope. Spores can be seen 
coming out of the sporangia. : 


3.12 Gross morphology of fern — meadows and similar exposed situations. They 


are true land plants with real root, stem and 
sporphyte and gametophyte leaves. They possess will developed vascular 
tissues which help them in the conduction of 
water and food. 
The three common ferns growing in gardens 
are Dryopteris, Pteris and Adiantum. 


Fems are widely distributed all over the surface 
of the earth. Fems grow mostly in moist and 
shady places, although some species grow in 
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Fig. 3.12 Dryopteris (Aspidium) 
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MORPHOLOGY — FERN SPOROPHYTE 


The plant body belongs to the sporophytic gen- 
eration. It is differentiated into rhizome, roots 
and leaves. The rhizome is an underground stem 
whichis usually unbranched in the two common 
fems. It is covered over by two types of struc- 
tures, persistent bases of fallen leaves and scales 
or ramenta. Due to their presence, the rhizome 
often looks much thicker. 

The roots are adventititious, and arise either 
near the leaf bases ornear the lower surface of the 
thizome. j 


sporophyll 
sorus. 


furcate venation 


Fig. 3.13 A pinnule of Dryopteris 
showing kidney-shaped sori 

The leaves are also known as fronds. They are 
petiolate and pinnately compound. In Dryop- 
teris, the pinnae are further divided incompletely 
into pinnules. This fern, therefore, has incom- 
pletely bipinnate leaves. In the younger condi- 
tion, the leaves are coiled like a watch spring. 
The phenomenon is known as Circinnate ptyxis. 
The young leaves are covered over by ramenta. 
Ramentaare also presenton the petiole and rachis 
of the mature leaf, Venation of the leaves is 
known as furcate because the veins branch di- 
chotomously without forming a network. 

After a certain period of growth, every frond 
becomes fertile. Groups of spore-producing or- 
gans called sporangia, are produced on the ven- 
tral surface all along the margin of the leaflets. 
The sporangia collectively constitute a sorus 
(plural-sori). They are protected by the margins 
of the leaflets turned downwards, usually 
described as false indusium. The special protec- 
tive membranous outgrowth is known as true 
indusium. 


t apical notch 
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Fig. 3.14 Mature prothallus of a fern 


PROTHALLUS OR GAMETOPHYTE 


The sexually reproductive stage of the fern is 
called prothailus. The prothallus or gameto- 
phyte is a moisture and shade-loving, independ- 
ent, flat and cordate (heart shaped) structure. At 
the tip of the broad end of the prothallus, there is 
a depression called the apical notch. The apical 
notch consists of a group of meristematic cells. 
Its posterior and ventral regions give out brown, 
tubular outgrowths called rhizoids. All the cells 
of the prothallus are green and thin-walled. The 
prothallus is monoecious and protandrous. It 
first bears antheridia in the region of rhizoids. 
Archegonia are formed later on behind the apical 
notch. 


Antheridium: Itis a dome-shaped semi-transpar- 
ent structure. Each antheridium has a wall con- 
sisting of a basal cell, a ring cell and an undi- 
vided cap cell. The androcytes of the antheri- 
dium form many large spirally coiled multi- 
flagellate antherozoids. When the antheridia 
mature, they open by the intake of water and 
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basal cell 


androcytes androcytes 


Fig. 3.15 A. Young antheridium B. 
Dehiscing antheridum C. Antherozoids 


swelling of the jacket layer. The cap cell of the 
jacket is pushed away separately. The anthe- 
rozoids are liberated and they swim freely with 
the help of their flagella. 


Archegonium : A mature archegonium is a flask- 
shaped structure with a venter and a neck. The 
venter is embedded in the gametophytic tissue 
and the neck projects out. Inside the archego- 


Activity 18 : Remove some 

their form. : 
Attempt to germinate some Spore. 

sterilised soil. 

Activity 19 : Search the 


prothallifor 
lustrate the structures 


of these. 


3.13 Gymnospermae 


Gymnosperms are a group of plants in which the 
seeds are borne nakedly (plants with naked seeds). 
They are a small group of vascular plants, mostly 
of trees which occupy a major portion of the 
werld’s mountain flora. Like the pteridophytes, 
their vascular bundle is composed of xylem and 
phloem. The xylem is composed mainly of 
tracheids and phloem is composed of sieve cells. 
However, the presence of cambium which forms 
secondary tissues is a specialized feature, due to 
which the trees can grow to a huge size. Another 
notable characteristic is the development of the 
male gametophyte or gamete, which does not 
require water for fertilization. This has helped 
them to grow in more diverse conditions. Cycas 
and Ginkgo are called living fossils because'they 
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venter 


venter . 
canal cell 


x a archegonal ooze 
Fig. 3.16 A. A fully formed archegonium 
B. Archegonium before fertilisation 
nium there is an axial row of four cells. The 
lowermost cell of this row is the egg cell whichis 
in the venter. It contains the egg or ovum. 

At the time of fertilization, the venter canal 
cells and the neck canal cells become a mucilagi- 
nous mass. This mass absorbs water and swells. 
Due to internal pressure, the neck Opens and a 
passage is created for the entry of the anthe- 
rozoids. ` 


spores from old sporangia and illustrate 


s in the laboratory on agar or on 


archegoniaand antheridia and il- 


have vanished from theirnatural habitat and have 
survived only in cultivation, Cycas has been 
exploited as a source of sago starch, Ginkgo has 
religious significance in China and Japan. Some 
trees such as pines and cedars are of economic 
importance for timber and pulp, and as a source 
of oil, resin and turpentine. Spruce and fir are 
chiefly utilised as christmas tree because of their 
graceful form. Cone-bearing tendency is seenin 
many orders. As a whole, the &ymnnospemns are 


definitely a more ancient group than the angio- 
sperms. 


CYCAS 


There are about twent 


y species of cycas. Cycas 
beddomer, Cycas pe 


š: Ctinata, etc. are found to 
grow wildely. Cycas revoluta is commonly 
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Fig. 3.17 Cycas — Habit 


grown in gardens. 

Cycas looks like a small palm with real root, 
stem andJeaves. The stem is unbranched, thick, 
cylindrical and erect and is covered by a large 
number of persistentleaf basis. At the apex of the 
stem is acrown of leaves. There are two types of 
leaves, i.e., small, brown, scale leaves and large, 
green, foliage leaves. The scale leaves alternate 
with the foliage leaves and protect the apex of the 
stem. A foliage leaf is large with numerous 
leaflets arranged all along the length of the rachis 
like a feather. Leaflets are sessile, hard and 
leathery with entire margins and unbranched 
midrib. Some of the lower leaflets are modified 
intospines. When the leaves grow old, they bend 
down and gradually decay. New leaves are 
formed in a crown. Young leaves are coiled like 
aspring and thisis known as circinate vernation. 

The stem is continued below the soil level as 
the tap root. From it arise thin, dichotomously 
branched, negatively geotropic lateral roots called 
corolloid roots. Lenticels are found on the sur- 
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Fig. 3.18 Cycas leaf 


face of these roots. Nostoc, Anabaena, Pseudo- 
monas, etc. inhabit the coralloid roots of cycas. 
They have the ability to fix atmospheric nitrogen. 
Thus, there is a biological relationship between 
these two sets of organisms which is mutually 
beneficial. A relationship like this is called 
symbiosis. 


Fig. 3.19 Cycas — corolloid root 
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Fig. 3.20 (a) Cycas — Male cone (entire) 
(b) Cycas — microsporophyll 


Cycas is dioecious. Male and female 
plants are separate. It is heterosporous. Plants 
produce microspores and megaspores in the micro- 
sporangium and ovule, respectively. The two 
types of sporangia are bome on separate plants. 
These sporangia are produced by special struc- 
tures called microsporophylls and megasporo- 
phyllis. 


GYMNOSPERMS AND ANGIOSPERMS 
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Fig. 3.21 Cycas-megasporophyll 


ovules while the angiosperms have enclosed 
ovules within the ovaries. The seed formation is 
almost complete even before fertilization in the - 
gymnosperms while in the angiosperms, the en- 
tering process begins only after fertilization. 
This difference in the timing of the formation of 
the various tissues in connection with the trans- 
formation of ovules into seeds confers asuperior- 
ity upon angiosperms over gymnosperms, be- 
Causein angiospemns, the tissues are formed only 
in the event of fertilization, when alone they will 


The gymnosperms are characterised by exposed be serviceable. 


Activity 20 : Do you have a cycas tree or a pinus tree growing in your 
own town or village? If not, ask your teacher to show you some 


herbarium specimens. 


Observe the male and female cones. Tap a male cone on a glass slide 
and examine the yellow dust under the high power microscope. 


Activity 21 : Observe the foliage of cycas and illustrate the same. 
Observe the preserved specimen of the corralloid root and note its re- 


semblance to a coral, 


Some basic concepts 


1. Algae are green thallophytes which can manufacture their own organic food with 
the help of chlorophyll. š ees : : 

2. Fungi are non-green thallophytes which have heterotropic nutrition, and are 
unicellular or multicellular. The cell wall is made up of fungal cellulose. 

3. Bryophytes are amphibious plants because they require a moist habitat in order to 
complete their life cycle. 

4. The pteridophytes resemble bryophytes in various aspects. On account of the 
presence of the vascular strand, the pteridophytes are commonly known as vas- 


cular cryptogams. 
Gymnosperms are a group of plants in which the seeds are borne nakedly. 


Some suggested activities/projects 


m= 


SANN 


10. 


Conduct a survey in your locality and classify the different types of plants. 

Scrape a greenish layer from a damp crevice of a wall and observe it with a hand lens. You 
will find some colourless threads, all entangled. Among the entangled mass, there are some 
green coloured cells. The threads are the hyphae of fungi, trapping the green algae cells. The 
green algal cells are capable of preparing their own food provided they have sunlight and 
water. These organisms are known as lichens. 

Visit a bakery and see how bread, biscuits, etc. are made. Write the sequence of steps involved. 
Prepare a thick paste of wheat flour with water. Add a few drops of yeast suspension (baker’s 
yeast) and mix well. Pour this mixture into a measuring jar and note the level. Keep the 
cylinder in a warm place. Observe the level of the paste after an hour or so. Why is there an 
increase in the level? 


Visit a brewery and observe the various processes. 
Find out some varieties of cheese produced in India and the uses to which they are put. 


Why is it preferable to use microorganisms in purely chemical processes for commercial 
production? Have a group discussion. i 
Take three conical flasks. Put tap waterin two of them and pond waterin the third. In the first, 
add only one snail. In the second add one snail and some spirogyra or any other algae. In the 
third flask containing pond water, putin a snail and some algae. Observe these three cultures 
through several days, and find out in which culture the snail lives for the maximum period. 
Why? 
Make an outline drawing of the leafy gametophyte of Funaria and distinguish it from the 
sporophyte. Remove a leaf-like structure and trace its midrib. 

Crush a capsule on a glass slide in a drop of water and examine under the high power 
microscope. Do you find spores and some tecth-like projections near the mouth of the cap- 


sule? 


Germinate some spores of fern on agar or on damp soil and attempt to grow gametophytes. 
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REVISION 


Choose the best answer: 


. What is the shape of the chloroplast in spirogyra? 


= 


m 


a. peripheral band 
b. spherical band 
c. spiral band 

d. conical band 


- Name the product derived from algae. 


a. chocolate f 
b. wax 
c. butter 
d. agar-agar 
. In which of the following manner do fungi obtain their food? 


a. Like amoeboid trapping of large food particles. 


b. By secreting enzymes into the surroundin 


g Substance and the absorption of digested 
substances in solution. 


c. Manufacturing their own requirements using energy obtained from inorganic molecules. 
d. All of the above. 

Yeast cell is recognised by its 

a. multicellular structure. 

b. chloroplast. 

c. unicellular body. 

d. absence of nucleus. 


. Vegetative reproduction is yeasts takes place by 


a. akinates. 

b. zoospores. 

c. budding. 

d. aplanospores. 


. Inthe group fungi, 


a. all are autotrophic. 

b. all are parasites. 

c. all are saprophytes. 

d. both saprophytes and parasites. 
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10. 


11. 


12: 


13. 


. Yeast is not used in the manufacture of 


a. wine. 

b. toddy. 

c. penicillin. 

d. loaf of bread in bakeries. 


. The cytoplasm of the hyphae of mucor contains 


a. one nucleus. 

b. no nucleus. 

c. either one or two nuclei. 
d. numerous nuclei. 


. The umbrella-like cap of the mushroom is known as the 


a. pistil. 

b. annulus. 

c. aromium. 

d. pileus. 

Which of the following is not a product of t 
a. beer 

b. wine ` 

c. cheese 

d. sweet bread 

Most of the fungi are 

a. antotrophs. 

b. saprophytes. 

c. symbionts. 

d. commensals. 

Yeast is an important source of 
a. vitamin C 

b. sugar. 

c. protein. 

d. riboflavin. 

Mushroom is a 

a. saprophyte. 

b. photosynthetic organism. 
c. obligate parasite. 

d. ectoparasite. 
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he activity of yeast? 


14. 


16. 


10 


18. 


19. 


20. 


The lichens form a group of strange plants which consist of 
a. an alga and a bacterium. 

b. a fungus and a pteridophyte. 

c. an alga and a fungus. 

d. a fungus and a bacterium. 


. Which of the following occupies an intermediate position between the higher algae and the 


lower pteridophyta? 

a. Gymnosperms 

b. Bacteria 

c. Angiosperms 

d. Bryophytes 

Which of the following is the chief characteristic of Bryophyta? 
a. They do not contain chlorophyll. 

b. Their sporophytic generation depends on gametophytic generation. 
c. Their gametophytic generation depends on sporophytic generation. 
d. None of the above. 

The prothallus in fern is a 

a. gametophyte. 

b. sporophyte. 

c. asexual body. 

d. none of the above. 

The common name of Equisetum is 

a. horse tail. 

b. donkey tail. 

c. dog flower. 

d. pony tail. 

Spores are normally produced at some stage of 

a. monocots. 

b. ferns. 

c. dicots. 
d. all the above. 


Vernation in cycas is 
a. plicate. 

b. reclinate. 

C. circinate. 

d. conduplicate. 
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21. 


II. 


=. 


a + OMN 


III. 


The coralloid roots of cycas contain 
a. blue-green algae. 

b. brown algae. 

c. green algae. 

d. fungi. 


Mark the following true (T) or false (F) : 


. The simplest of the green plants are the fungi. 

. The sporophyte of moss grows on the gametophyte. 
. The ferns have a simple vascular system. 

. Bryophytes are amphibious plants. 

. The prothallus of fern is the sporophyte because it develops from spores. 


Define the following terms: 


. sporophyte 
. gametophyte 
. sporangia 

. capsule 

. ramenta 

. rhizoids 


. Circinate venation 


Distinguish between : 


. rachis and ramenta. 


. sporophyte and gametophyte. 


3. megasporophyll and microsporophyll. 


To which group of cryptogams do the following belong? 


Funeria, Pteris, Nephrolepis, Cycas, Pine, Mucor, Agaricus. 
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VI. Write short notes on : 
1. Algae 
2. Fungi 
3. Bryophytes 
4. Pteridophytes 
5. Gymnosperms 
6. Cycas 
7. Any ‘fern’ 
8. Funaria 
9. Riccia 
10. Spirogyra 


Vil. Answer the following : 


1. Mention the common names of spirogyra. 

2. Describe the structure of Spirogyra. 

3. What is a pyrenoid? 

4. What isa saprophyte? Give an example. 

5. Describe the morphology of mucor. 

6. What are wild yeasts? 

7. What are cultivated yeasts? 

8. What are budding and fission yeasts? 

9. Represent alcoholic fermentation with a chemical equation. 
10. Explain the structure of yeast. 
11. Describe the basidiocarp of Agaricus. 
12. Enumerate the general characteristics of Bryophyta. 
13. Write a brief note on the habitat of Riccia. 
14. Describe the external features of Riccia. 
15. What are the different types of rhizoids in Riccia? 
16. Describe the gametophyte and sporophyte of Funaria. 
17. Enumerate the salient features of Pteridophyta. 
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18. 
19! 
20. 
21. 
22. 
23. 
24. 
25. 
26. 


Write a brief note on the habitat of ferns. 

Describe the structure of prothallus in a fern. 

Describe the structure of an archegonium and an antheridium. 
Explain the sporophyte of a fern. 

Describe the salient features of ‘Gymnospermae’. 

Explain the leaf morphology of cycas. 

What is coralloid root? 


Mention the names of organisms that inhabit the coralloid roots of cycas. 


Give an account of the morphology of cycas. 
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4. Reproduction, inheritance, evolution 


reproduction, inheritance and evolution - 


An important characteristic of all living organ- 
isms is reproduction. By this process, each 
individual transmits life to a succession of new 
ones, its offspring, and thereby maintains its 
continuity. 

There are two principal methods of Teproduc- 
tion: the vegetative or asexual and the sexual 
methods. The essential feature of sexual repro- 
duction is the union of two sex cells called 
gametes. These gametes constitute the only 
physical link between one generation and the 
next. Every living organism that is transmitted 
by the parents to the offspring must, Qfnecessity, 
pass across this extremely narrow bridge of 
gametes. In the higher plants, the male gametes 
are produced in the pollen grains and the female 
gametes in the ovules. 

An offspring is never an exact copy of its 
parents. Except in the case of identical twins, no 
two offspring of the same parents are identical. 
There are always small differences, and such dif- 
ferences are called variations. Variations may be 
due to environmental causes. These are called 
modifications. Asa result of different conditions 
Of the environment, for example, food, light, 
temperature, etc., two individuals having the 
Same heredity may become somewhat different. 
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Mendelian principles of inheritance - Principles 
of paired factors - principle of purity of gametes - Laws of Mendel. 


The other type of variation is hereditary. The 
differences in hereditary constitutions are re- 
sponsible for hereditary variations. These and 
environmental variations occur in nature simul- 
taneously, 

Heredity and variations 80 side by side and are 
the basis of evolution. The branch of Biology 
which deals heredity and variation is known as 
genetics, a term first used by Baleson in 1906 for 
the study of the ‘physiology of heredity and 
variation’. Genetics is the Science which tries to 
explain why living things resemble their parents, 
and yet differ from them. It is the science which 


differentiates between whatis inherited and what 
is not. 


4.1 Mendelian principles of 
inheritance 


THE PRE-MENDELIAN CONCEPT 


Menall through the ages have tried to explain the 
causes of heredity. They were, however, igno- 
rant of the basic facts of reproduction and their 
explanations were mostly based on hearsay and 
Superstition. Thus, from the time of Aristotle to 
the eighteenth century, the widely held view was 


that the mother furnished inert matter and the 
father imparted motion to the new life. Others, 
thought that the parental blood mixed in the 
progeny so that the heredity of the offspring was 
a solution or an alloy of equal parts of parental 
heredities. Leonardo da Vinci (1452 - 1519) 
recognized that the male and the female parents 
contributed equally to the heredity of the off- 
spring. 

Maupertius (1689 -1759), a French biologist, 
suggested that the body of each parent gives rise 
to minute particles which unite during sexual 
reproduction to produce the offspring. Joseph 
Kolreuter (1733 - 1806), a German botanist, con- 
cluded that gametes are the physical basics of 
heredity. Swammerdam, a Dutch scientist, sug- 
gested that the sex cells have a minature copy of 
the adult which he called mankins. August 
Weismann (1834 - 1914), a German biologist, 
divided the animal embryo into two groups, i.e., 
somatoplasm and germplasm. According to him 
reproduction was not accomplished by body cells 
or somatoplasm but by germplasm or gametes 
which were transmitted unchanged from genera- 
tion to generation. f 

Darwin could not explain the causee of vari- 
ation, He proposed a theory called Pangenesis to 
explain the source of variation. He supposed that 
the tiny units called pangenes pass from each part 
of the body into the gametes. They are transmit- 
ted to the next generation and determine the 
characteristics of an organism to be inherited. 
This theory of Darwin is known as the theory of 
Pangenesis. According to Galton, the two par- 
ents together contributed one half to the heredity 
of the offspring; the four grandparents one-quar- 
ter; the eight great grandparents one-eighth, and 
so on. Even Charles Darwin accepted Galton's 


law of ancestral heredity. 


Activity 1 : 
sentations. 


MENDELISM 


An Austrian monk, Gregot Johann Mendel, gave 
a scientific explanation for heredity and vari- 
ations. He did his famous experiments on garden 
peas (Pisum sativum) in the garden of the monas- 
try in Brunn, Austria. Mendel selected garden 
peas for his experiments because it could be 
grown easily, and crossed readily with well de- 
fined characteristics. His findings were pub- 
lished in 1865 in the ‘Proceedings of the Brunn 
Society for the Study of Natural Sciences’. 

Mendel selected in the pea plant, seven traits 
or characteristics: 1) the tall and dwarf stature, 
2) axial and terminal flowers, 3) white and violet 
flowers, 4) inflated and constricted seed pods, 
5) white and grey seed coats, 6) yellow and green 
cotyledons, and 7) smooth and wrinkled seeds. 

Mendel took plants which had contrasting 
traits. He made reciprocal crosses between them 
(both the contrasting varieties were allowed to 
act as male and female). He kept a complete 
record of these crosses with suitable lables and by 
collecting the seeds of different crosses in differ- 
ent packets. He took into consideration one 
(monohybrid), two (dihybrid) or more (polyhy- 
brid) characteristics in his crosses. The seeds 
obtained after crossing were allowed to germi- 
nate. The plants thus obtained were named first 
filial or F1 generation. To his surprise, the F1 
plants were not intermediate between the two ex- 
treme traits of a character. Rather they exhibited 
only one suchtrait. Thus across between tall and 
dwarf varieties did not yield plants of intermedi- 
ate height. All the selected varieties were such as 
to produce their own type, e.g.,a tall variety gave 
rise to tall offspring or a dwarf variety gave rise 
to dwarf ones. In other words, the selected 
varieties were pure and bred true. 


Discuss Mendelism with suitable diagrammatic repre- 


Find out the exact methods he adopted for crossing. 
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Activity 2: Observe a pea flower and see its structural adaptation. 
Draw the different types of petals. Give the common and technical 


terms for each type of petal. — 


round seeds 


wrinkled seeds 


green seeds 


yellow seeds 


Fig. 4.1 Some of the contrasting 
characters in pea plant, 
studied by Mendel 


4.2 Monohybrid cross 


Mendel crossed the tall and dwarf parents by 
effecting cross pollination between them. The 
experiment involving crossing between two pure 
breeding varieties that differ in a single trait is 
known as monohybrid cross, 

In one experiment, Mendel crossed two varie- 
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tiesof pea plants,one was tall and another dwarf. 
The offspring were tall like one of the parents and 
not intermediate as one would expect because of 
the equal contribution of both the parents for the 
formation of this offspring. But the offspring 
resembled only one of the parents and not both 
the parents. When he self-fertilized the of fspring 
of the first generation, he was able to get both tall 


and dwarf individuals in the second generationin 
a ratio of 

3 tall : 1 dwarf plant. 

tall x dwarf (parents) 


tall 


tall x Tall (First generation) 


3 tall: 1 dwarf (Second generation) 

Mendel discovered that out of the two charac- 
teristics, the tall characteristic is dominant over 
the dwarf characteristic and that is why it is 
manifested (seen) in the first generation. The 
trait that is expressed in the first generation i> 
described as the dominant trait and the trait that 
is masked or inhibited by the dominant trait is 
known as the recessive trait. 

Mendel felt that there should be something 
inside the plants that govern the production of 
these traits in the offspring from the parents. He 
named these unknown things factors. The fac- 
tors which are manifested in the first generation 
are called dominantfactors and those which have 
been masked by the dominant factors are known 
as recessive factors. 

The various zygotic combinations of a monohy- 
brid cross can be expressed in the from of a 
checkerboard or Punnet square where the types 
of the female gametes are written on the top ofthe 
checkerboard and the male gametes are written 
on the left-handside of the checkerboard. The 
squares are filled in showing the different zygotic 
combinations. 


P1 tt 


TT x 
(Tall) Tt (Dwarf) 


F1 (Tall) 
T 


T 
Pas 


Tt 


t 
t 


TT - Tall 
Tt - Tall3 
t ec ; Dwarf - 1 


The plant or animal having two identical domi- 
nant factors or two recessive factors (TT, tt) arc 
described as homozygous. When they have two 
different factors, i.e., one dominant and one re- 
cessive factor (Tt), the condition is heterozygous 
or hybrid. Dominant factors can express thcir 
traits either in homozygons or heterozygous 
condition (TT, Tt) whereas recessive factors can 
manifest only in homozygous condition (tt). 

The external appearance of an organism with 
reference to a particular trait usually expressed in 
words like tallness, dwarfness, etc. is called 
phenotype. 

The geneiic constitution of an organism Cx- 
pressed in symbols such as TT, tt (homozygous) 
and Tt (heterozygous), the condition is known as 
genotype. So the phenotypic ratio of the monohy- 
brid cross is 3 : 1 ( 3 tall and 1 dwarf ). The 
genotypic ratio is 1 : 2 : 1, i.e., 1 homozygous 
dominanttall (TT), 2 heterozygous dominant tall 
(Tt_ 1 homozygous recessive dwarf (tt). 

In the monohybrid cross, the generation with 
which an experimentis begun is referred to as P1 
(parental) generation, i.e., Tall x dwarf. The 
offspring of P1 generation or the hybrids are 
knownasF1 (First filial generation), i.e., Tt. The 
resulting offspring of the self-fertilized F1 hy- 
brids are said to be F2 (second filial generation). 

The two contrasting traits such as tall and 
dwarf plants, white and grey seed coats, etc. are 
described as alleles or allelomorphs. Alleles are 
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defined astwocontrastingconditionsinheritedin of them but not both of them. William Bateson 
such a way that an individual will have only one coined the term allele. 


Activity 3 : Display monohybrid cross with the help of chalk pieces, 
beads, broom-sticks, ete: SS : 


Activity 4 : Sow beanseedsin different pots. Put them under different 
conditions of light and moisture. Measure the lengths of their shoots 


after fifteen days. Record the variations and correlate them with 
possible causes. 


z 


Activity 5 : Discússwhatcan happen to the future generations ifgam- 
etes were produced through mitotic division of sex cells. 


° 5 YYRR yyrr 
4.33 Dihybrid cross O 
P Yellow Green 
Generation round YR X yr Wrinkled 
Gametes of YyRr 


O 
Fy 


Generation 
YR 
Yr 
° Fe 
= 
> 
° 
yR 


yr 


Fig. 4.2 Mendel's law of independent assortment, 
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A dihybrid cross is a cross between two pure 
breeding varieties that differ in two traits. 
Mendel carried out his experiement with refer- 
ence to two pairs of characteristics, the colour of 
the cotyledons and the structure of the seed coats. 
Some of the peas had yellow-coloured cotyle- 
dons and others green-coloured cotyledons; some 
were round and others were wrinkled. Yellow 
was dominant over green and round over wrinkled, 
so that a plant breeding true for yellow-coloured 
cotyledons and round coats of seeds may be said 
to have the hereditary constitution YYRR, and a 
plant breeding true for green coloured cotyledons 
and wrinkeld coated seeds, may be said to have 
the hereditary constitution, yyrr. Two such par- 
ents were chosen and crossed. Inthe hybrid ofthe 
first generation, all the plants produced seeds that 
had yellow cotyledons and round coats. When 


plants grown from these were allowed to self- 
fertilize, apart from the two parental types, i.e., 
round yellow and wrinkled green, twomore new 
types were formed, i.e., round green and wrinkled 
yellow. 

When the two F1 heterozygous individuals 
were self-fertilized, the factors segregated and 
four types of gametes were formed from each 
parent, i.e., RY, Ry, rY, ry and their fusion at 
random resulted in offspring in the ratio 9 : 3: 3: 
1 (9 yellow round, 3 yellow wrinkled, 3 green 
round and 1 green wrinkled). 


PHENOTYPE SQUARE NUMBERS 


Yellow round 1, 2,3, 4, 5, 7,9, 10,13 ` 
Yellow wrinkled | 6, 8, 14 
Green round 11, 12, 15 


Green wrinkled | 16 


Activity 6 : Prepare a display on dihybrid ratio, taking any two pairs 
of contrasting characteristics. (Use coloured beads, buttons, and seeds 


of Abrus, Tamarind, etc.) 
Activity 7: When a characteristic is known to be inherited, does tt 


mean that the environment has no part to:play in its expression? 
Explain with suitable examples. Discuss this in groups. 


INHERITANCE OF COATCOLOUR pure black BB pure white bb 
IN GUINEA PIGS 2E 
Ë hybrid black Bb hybrid black Bb 
1 
< 


hybrid black Bb 


pure white bb 


(€= 


pure black BB 


Fig. 4.3 Inheritance of coat colour in guinea pigs 
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Mendel’s laws have been found to hold good in 
the case ofanimals also. Thus, whena pure black 
guinea pig (arodent) ismated witha white guinea 
pig, the animals produced in the F1 generation 
are all black. They are hybrids. When any two 
hybrid black guinea pigs are mated, the animals 
produced in the F2 generations will be three 
blacks and one white. The blacks are of two 
types, i.e., one-third are pure black that breed true 
and two-thirds are again hybrids which when 
inbred produce a mixed progeny of blacks and 
whites in the ratio of 3 :1. 


LAWS OR PRINCIPLES OF MENDEL 


1. Law of unit characteristics : Mendel sug- 
gested that the traits or characteristics are always 
governed by certain factors inside the plants and 
these factors occurin pairs. (The factors are now 
known as genes.) 


2. The law of dominance : Out of the two con- 
trasting factors of a trait, only one expresses itself 
ina hybrid or heterozygous organism. Itis called 
dominant factor. The other factor which doesnot 
produce any effect is named the recessive factor. 


3. Law of. Segregation or purity of, gametes: Ac- 
cording to this principle, the two factors of a trait 
Separate or segregate at the time of formation of 
gametes orspores. The separated factors move to 
different gametes. a 

In other words, the gametes are always pure 
for a given trait, i.e., they receive only one factor 
from each pair and they are never heterozygous. 
This observation of Mendel’s is called the prin- 
ciple of purity of gametes or law of segregation. 


REASONS FOR MENDEL’S SUCCESS 


Having considered at some length Mendel’s 
methods and his results, it is time to Say a word 
as to the causes of his success in a field which 
many people before him had ventured into but 
had failed. In evaluating the work of Mendel, it 
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should be remembered that he was nota biologist 
but amonk who had some training in mathemat- 
ics and physics. 

In their hybridization experiments, Mendel’s 
predecessors had considered the organism as a 
whole and studied the inheritance of all the 
characteristics ‘at once. This caused confusion 
and complicated matters. Mendel simplified the 
problem and Studied the inheritance of easily 
recognisable single traits one at a time. Having 
done that, he studied the behaviour of two char- 
acteristics together at a time. In all his experi- 
ments, Mendel carefully counted the numbers of 
each type of offspring and kept statistical records 
of successive generations with the accuracy of a 
mathematician. He thus knew the pedigree ofhis 
plants. As a result of this technique, the pheno- 
mena of inheritance were reduced to a mathe- 
matical problem. His clear and critical mind was 
an asset in solving this Problem. Perhaps, his 
training in mathematics was also considerably 
helpful. 

It was a stroke of good luck that he selcted a 
self-fertilizing annual plant, the garden pea (which 
can be grown easily and crossed readily), as the 
material for his experiments, 

On account of Tepeated Self-fertilization, sey- 
eral distinct and true bred Cultivated varieties (or 
pure lines) had developed which differed from 
one another in a few characteristics only. The 


` selection of the characteristics with which he 


worked was equally fortunate as they showed 
complete dominance. 

The flowers of the pea plant are normally self- 
pollinated. Self-pollination Could be prevented 
by opening the Covering petals of the flowers and 
removing the stamens before the anthers ripen 
and burst. The stigma of this emasculated (removal 
of stamens) flower could then be pollinated with 
pollen from another plant which is to be used as 
the male parent in a cross. Mendel adopted this 
Procedure in his experiments on hybridisation. 
He also took great care to cover the flowers thus 
pollinated to prevent contamination with pollen 


of unknown origin by other agents of pollination 
Such as insects. 


SIGNIFICANCE OF MENDELISM 


New types of plants having new combinations of 
useful characteristics that do not occur in nature 
can be produced by hybridisation and further 
breeding. In this way resistance to disease and 
pests, higher yield and improved quality in crop 
and ornamental plants, and fruit trees can be 
combined in one plant. In fact, on the basis of 
Mendel’s laws, the plant breeder can set before 
himself a goal and proceed to produce plants of 
his choice by recombinations. 

At present Genetics plays an important role in 
many applied fields of Biology like Agriculture, 
Horticulture, Animal Husbandry, etc. Genetics 
has helped Medical sciences in understanding 
hereditary ‘diseases like colour blindness, hys- 
teria, haemophilia (bleeder’s disease), albinism, 


Some basic concepts 


etc. 

By including changes in the gene artificially, 
it is now possible to eliminate unwanted charac- 
teristics and to raise desirable traits from existing 
populations. This aspect of Genetics is known as 
Genetic Engineering. 

Another branch of science known as Eugenics 
deals with refining the species. Eugenics is a 
method of improving the future generation of 
human beings by improving the germplasm of 
already existing individuals. In other words, 
Eugenics believes in the artificial selection of 
sound individuals and discards the defective 
individuals. Thus, it preserves the best type of 
germplasm and eliminates the defective germ- 
plasm. 

Before marriage, couples can get advice from 
Geneticists to know whether there are any heredi- 
tary diseases in the family. This is known as 
genetic counselling. This circumvents the birth 
of defective children. 


Genetics is a branch of science dealing with heredity and variation. 
Heredity means the resemblances among organisms and variation means differ- 


ences existing among individuals. 
The transference of characteristics from the parent to the offspring, and from one 


generation to the other is called inheritance. 
Gregor Mendel is known as the Father of Genetics. 


Monohybrid cros: 
single trait. 
Adihybrid cross was a 
differed in two traits. 

At present Genetics plays a vital 


Some suggested activities/projects 


s is a cross between two pure breeding varieties that differ in a 
Iso performed by Mendel where the parents of the cross 


| role in many applied fields of Biology. 


1. Humaneggis larger than the sperm. Does itmake the child inherit more from the mother than 


from the father? Give scientific reasons. 


2. Prepare a pedigree chart of your family specifying the inheritance of any one genetic trait. 
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. Write the names of ten hereditary diseases not mentioned in thi. 
. Examine different varieties of man 


. Visit an agricultural institute and find out how the se, 


a 


. Find out about artificial insemination adopted in 


. Geta PTC paper. (Phenyl thio carbamide) or obtain a 


. Make a survey among your classmates for 


S unit. Collect pictures or 
Pare posters and put them up in your classroom. 
goes and guavas available in your local market. List their 


newspaper cuttings regarding the same. Pre 


desirable and undesirable traits. 


eds of various strains of paddy, maize, etc. 


are being preserved. Find out the new techniques of inducing polyploidy in plants and how 


itis of commercial value. 
animal husbandry. Find out the phenotypic 
differences between local buffaloes and graded Musrah buffaloes. 

piece of paper and coat it with PTC and 


taste the paper. It you can taste the chemical you are a ‘taster’ and if you taste only the paper, 


you are a ‘non-taster’. 


Do this testin class and find out how many of you are tasters and how Many are non-tasters. 


the following traits and tabulate them. 


a. curly hair - straight-hair 

b. dimple in cheek - no dimple 

c. free ear lobes - attached ear lobes 

d. ability to roll tongue - inability to roll tongue 
REVISION 


Choose the best answer: 


. Gentics is the Study of 


a. Cell division. 

b. growth and differentiation in living organisms. 
C. reproduction. 

d. the mechanism of inheritance. 


The dominant characteristics in guinea pig is 
a. white hair. 

b. long hair. 

c. black hair. 

d. none. 


- Drosophila is commonly used in the stu 


1 s of gentics. Which of the followi i hief 
disadvantage in using this organism? pas ih Seg 
a. It is very small (3 - 4mm long). 


b. One female lays about 100 eggs after each Mating. 
e. Its life cycle is short (10 -14 days). 
d. Its culture medium needs sterilization. 
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- Genetic material of viruses is 
a. DNA only 

b. RNA only. 

c. DNA or RNA. 

d. none of the above. 

. Genetic engineering is 

a. chromosomal alterations. 
b. cytochromal alterations. 

c. alternations in genes. 

d. test tube baby. 


. The basic mechanism of hereditary transmission is 
a. sexual reproduction. 

b. polyploidy. 

c. mutation. 

d. vegetative reproduction. 


_ The character of the organism is said to be sex-linked when its gene is carried on 
a y chromosome. 

b. x chromosome of male or female. 

c. x as well as y chromosome. 

d. a particular autosome. 


Which of the following is a sex-linked disease? 

a. Myopia 

b. Baldness 

c. Haemophilia 

d. Tuberculosis 

. Some persons find the taste of PTC paper bitter; some others find it tasteless. This charac- 
ter is hereditary in nature. Suppose T stands for dominant gene andtforrecessivegene, then _ 
the genetic make up of a person who cannot taste is 


a. tt. 

b. Tt. 

Geile 

d. none of the above. 
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10. A colour blind man marries the daughter of a colour blind person: Then, in their progeny: 


II. 


a. all her sons will be colour blind. 

b. all her daughters will be colour blind. 

c. none of her daughters will be colour blind. 
d. half her sons will be colour blind. 


Answer the following: 

What is Genetics? 

Who coined the term Genetics? 

What are the physical basis of inheritance? 


Write a short note on August Weismann. 


. Explain the role of Genetics. 


. What is genetic engineering? 


Explain the significance of Mendel’s work. 


Why did Mendel choose garden peas for his experiments? 


. Define monohybrid cross. 


List the seven pairs of contrasting characteristics selected by Mendel for his experiments. 


. Give an account of monohybrid cross. 

. What do you mean by dominant factor? 

. What do you mean by recessive factor? 

- What do you mean homozygous condition? 


. What is heterozygous condition? 


What is phenotype? 
Define genotype. 


. Define allele. 
. What is meant by dihybrid cross? 


. Explain Mendel’s experiment and how the independent assortment was proved. 
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III. 


= 


S Q + WO N 


Write notes on: 


. Pre-Mendelian concept of heredity. 
. Mendelism. 

. Significance of Mendelism. 

. Laws of Mendel. 

. Monohybrid cross. 

. Dihybrid cross. 
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5.Economic Botany ` 


Economic Botany deals with the application of 
botanical knowledge to day to day life. The pri- 
mary necessities of man are threefold — food, 
clothing and shelter. The most essential of these 
is food which primarily comes from plants in the 
form of cereals. For clothing again, plants are 
indispensable to man. 

“Plants that yield fibres are second only to food 
plants. In this respect, cotton occupies an all- 
important position, followed by jute and some 
other fibres forcoarse clothing. To meet the ever- 


Fig. 5.1 A jute plant 


Economic Botany - general introduction on economic importance of bacteria and fungi 
- economic importance of higher plants - source of medicines - industrial use - some 
forest products - sources of fuel - role in soil conservation - horticulture . 


Fig. 5.2 A ball of cotton 


increasing demand for food and clothing, better 
utilisation of plants becomes necessary, 

Forest products have been useful to man for 
building shelters from the very beginning of his 
history. The most important of these products is 
wood which is used in all types of construction 
work. Other products like bamboo, reed cane, 
thatch grass, etc. are of equal value in house 
building. Other useful plant products include 
wood, fibres, drugs, tannins, dyes, paper, sugar, 
Starch, gum, resin, rubber, vegetable fats, cocoa, 
tobacco, spices, condiments, cork, etc. The 


utility of bacteria, yeasts, algae and lichens can- 
not be denied. 


Fig. 5.3 Pillipesara 


shell 


husk endosperm 


Fig. 5.4 Longitudinal section ofa 
coconut fruit 


Fig. 5.5 Streptomyces 


5.1 Economic importance of bacteria 
and fungi 


The nitrogen cycle consists of processes by 
which the soluble nitrates are removed from the 
soil and the process of nitrification and nitrogen 
fixation by which nitrates are returned to the soil. 
In soils which are poor in oxygen, such as 
water-logged soils, thenitrates may be reduced to 
nitrites by certain anaerobic bacteria. This proc- 
ess is called nitrate reduction. Other bacteria 
further reduce the nitrites, forming ammonia, 
oxides of nitrogen or gaseous nitrogen, which 
escape into the atmosphere. This type of nitrate 
reduction is termed de-nitrification and the bac- 
teria involved are called denitrifying bacteria. 
This is part of the nitrogen cycle. 
The various processes which return nitrates to 
the soil are nitrification and nitrogen fixation. 
An enormous amount of nitrogenous organic 
matter is retumed to the soil in the form of dead 
plants and animals, through their products of 
metabolism and excretion. These are acted upon 
by the soil microorganisms through the processes 
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non-symbiotic 
nitrogen fixation 
by azotobacter 

clostridium 

nostoc, etc 


\ 


plant 


ae Proteins 


absorption 
by plants 
with soil water, 


denitrification by 
denitrifying bacteria 


nitrification 


nitratesin the soil 


epee se A Saft thundan storms 


Fig. 5.6 The 


of decomposition and putrefaction. These are 
processes of hydrolysis catalysed by proteolytic 
enzymes produced by the organisms, which are 
mainly bacteria (Bacillus mycoides, Clostridium 
putrificum, etc.) and fungi. The proteinaceous 
matter is converted into Proteoses and then into 
Peptones. This conversion is known as Pepton- 
isation. 

The peptones, in turn, are acted upon by mi- 
croorganisms and are broken down into 
Polypeptides and amino acids. The amino acids 
are further decomposed with the production of 
ammonia. This process of the breaking down of 
proteinis known as ammonification. The ammo- 
nia thus formed reacts with the acids inthe soil to 
form ammonium salts. One of the main products 
of the metabolism of proteins in the living animal 
body is urea. This is excreted as a waste product, 


Activity 1 ; 
sommas, nitrobacter, etc. and their 
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Fig. 5.7 Bacillus mycoides 

and it is also later transformed by bacteria in the 
soil into ammonium carbonate. These processes 
are of great importance in soil fertility. 

The ammonia produced by the decomposition 
of proteinaceous Organic matter may be either 
used directly by plants, or it May be converted 
into nitrites and then to nitrates. The transforma- 
tion of ammonia to Nitrate is brought about by 
bacteria belonging tothe genus nitrosommas and 
nitrosococcus. Nitrites do not normally accumu- 
late in the soil, but are oxidised to nitrates by the 
action of the bacteria belonging to the genus 
nitrobacter. The process of Converting ammonia 
to nitrate is called nitrification. 


Collect more information about Bacillus mycoides, nitro- 


role in the nitrogen cycle. i 


‘Fig. 5.8 Bacterial nodules on the 
roots of a leauminous plant 


Nitrogen fixation, a chemical process which 
changes nitrogen into nitrates, takes place in 
different ways. They are 1) symbiotic nitrogen 
fixation, and 2) non-symbiotic fixation. 

In symbiotic nitrogen fixation, the bacteria 
(e.g., Bacillus radicicola) which occupy root 
nodules get their supply of carbohydrates di- 
rectly from the host tissues and in turn they 
supply their host with combined nitrogen. Hence 
acrop of leguminous plants increases the fertility 
of the soil. This kind of intimate association 
where both the partners (symbionts) are benefit- 
ted is known as symbiosis. 

Certain nitrogen fixing bacteria live free in the 
soil (e.g. Clostridium, Azotobacter). They ab- 
sorb free nitrogen and convertitinto amino acids. 
When these organisms die, the nitrogenous 
compounds in their bodies yield ammonia which 
is then transformed into nitrates by the nitrifying 
“bacteria. Non-symbiotic nitrogen fixationis thus 
effected. 


Activity 2:Examine the root nodules of groundnut, alfalfa, peas, beans, 
etc. Write a short note on symbiosis. 


Nature’ s scavengers: Many bacteria bring about 
decomposition of organic matter present in the 
soil. The saprophytic species of bacteria decom- 
pose the excretory products and remains of plants 
and animals. Complete decomposition is called 
decay, while incomplete decomposition is called 
fermentation and putrefaction depending upon 
the substrate. The latter is accompanied by the 
emission of a foul smell. 


Bacteria in industries: 

1. Sewage disposal: The sewage from towns 
and cities is taken to special tanks which have 
decay-causing bacteria to decompose the organic 
substances of the sewage. 

2. Souring of milk and milk products: Sour- 


ing of milk is caused by the formation of lactic 
acid through the action of bacteria like Strepto- 
coccus lactis. Souring of milk is necessary for 
butter and cheese-making. 

3. Butyric acid: Butyric acid, which has wide 
industrial applications in soap-making, is ob- 
tained from the fermenting action of butyric acid 
bacteria such as Bacillus amylobacter. 

4. Bakery: The bread that we eatis, in fact, the 
result of microbial activity. In addition to the 
yeast which every baker adds to his dough, 
several strains of bacteria, especially, lactic acid 
bacteria, help to give the bread a pleasant aroma 
and make it palatable. 

5. Vinegarmaking: Vinegaris prepared from 
the juices of fruits like apple, pear, plums, grapes, 
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etc. by the action of acetic acid bacteria, Aceto- 
bacter aceti. 

6. Retting of fibres: To obtain fibres, the 
fibre-yielding plants such as jute, hemp, etc. are 
submerged in water. The pectin that binds the 
fibresis acted upon and dissolved by Clostridium 
felsineum. The fibres get separated. This pro- 
cess is known as retting. 

7. Tanning and processing of tea and tobacco: 
Tanning of leather, and curing of tea and tobacco 
leaves to increase flavour are some other activi- 
ties of bacteria. 

8. Silage: Preserving green fodder is an art 
practised from ancient times. This is done by 
storing the crop to be ensilaged in deep pits or 
trenches. The green plants are now acted on by 
anumber of lactic acid bacteria which increase in 
number and prevent the multiplication of other 

spoilage bacteria, thus maintaining the freshness 
of the green plants. 

9. Production of vitamin C and B-complex: A 
large number of bacteria live in the digestive tract 


of human beings and they prepare vitamin C and 
some B-complex. 

10. Cellulose digestion: Ruminating and 
other cellulose eating animals depend upon bac- 
teria for conversion of cellulose to simple sugars 
because animals lack the requisite enzymes for 
their digestion. 

11. Fossil fuels: Coal, lignite and peat 
are formed out of humus which is itself formed 
by the action of bacteria on the vegetable re- 
mains from ages past. Similarly, the action of 
bacteria on certain groups of vegetable and ani- 
mal remains resulting in the production of hydro- 
carbons finally leads to the formation of petro- 
leum. 

12. Medicine: Bacteria produce valuable 
antibiotics. Tyrothricin, polymycin, etc. are some 
of the antibiotics obtained from certain kinds of 
bacteria. 

13. Saltpetre: Extensive beds of saltpetre 
have been formed by the activity of certain putre- 
fying and nitrifying bacteria. 


Activity 3 :Divide your class into three groups and discuss the economic 
importance of bacteria under the following three headings: 

1. Role of bacteria in the nitrogen cycle. 

2. Role of bacteria in various industries. ] 

3. The useful products we get due to the various activities ofbeneficial 


bacteria. 
ECONOMIC IMPORTANCE, OF FUNGI 


Fungias sources of food: Many fungi like yeast, 
mushrooms, morels, etc. are used as food by man. 

Yeast has been found to be a good source of 
vitamins like B1 and B2. Yeast is compressed 
into tablet form for human consumption. Toru- 
lopsis utilis is a palatable yeast and its protein 
content is high. 

Yeast cells are made to ferment the dough; 
with the result that carbon dioxide is given off. 
This makes the bread soft and porous. 

By its enzymatic activity yeast is able to 

_ ferment sugars into alcohols and give off carbon 
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dioxide. Because of this property, yeast is used 
in the alcohol industry for the preparation of 
wines, ciders and beers. Alcoholic fermentation 
is the result of aerobic respiration, 

Agaricus is an edible species and contains 
protein and vitamins. The oyster mushroom has 


an excellant flavour. Morel (Morchella esculenta) 
is an aromatic fungus. 


Fungi of industrial value : Mucor Oryzae is em- 
ployed to convert starch into sugar in the produc- 
tion of alcohol. Wild yeasts are used to ferment 
wine and cocoa. Aspergillus riger is used in the 
manufacture of citric acid, gluconic acid, etc. 


Certain penicillium species are employed in the 
ripening of cheese. 


Fungi as a source of antibiotics : The source of 
streptomycin, an antibiotic, is Streptomyces 
griseus. It is very useful in the treatment of 
tuberculosis. Penicillin, the famous antibiotic, is 
extracted from Penicillium notatum and Penicil- 
lium chrysogenum. 


Fungus as a source of alkaloids : Ergotis a drug 
obtained from a fungus called Claviceps pur- 
purea. It contains anumber of alkaloids andis of 
medicinal value. 


MICROORGANISMS IN EVERYDAY LIFE 


1. Production of alcohol : From molasses (a 
waste product of sugar industry) are produced 
absolute alcohol, wine, etc. They are obtained 
by the action of yeast (Saccharomyces cerevis- 
iae) on molasses. 


2. Production of vinegar : Vinegar is produced 
by the action of yeast (S. ‘accharomyces cerevis- 
iae) or acetobacters on sugarcane juice etc. 


. Production of penicillin : The antibiotic 
penicillin is obtained from Penicillium notatum 
grown in the wastes of grapes or oranges. 


w 


4. Production of lactic acid : Lactobacillus 
delbruk and streptococcus lactis help in the 
production of lactic acid, by acting on sulphite 
liquor. 


5. Production of vitamin B12 : Vitamin B12is 
produced from cane molasses with the help of 
microbes. 


6. Production of citric acid : Citric acid is 
produced by Aspergillus niger. 


7. Other things : Organic acids, curd, cheese, 
yoghurt, etc. are produced by the activity of 
different microorganisms. 


THE DIFFERENCES BETWEEN 
BAKING AND BREWING 


Baking is the process of ‘bread’ making whichis 


enhanced by the Saccharomyces species. Brew- 


ing is the process of wine or beer making. In this 
process fermentation takes place and yeasts are 
utilised. 

During baking; selected strains of the yeast 
Saccharomyces cerevisiae are mixed with the 
dough (a paste of wheat orrye flour). The volatile 
alcohol is lost and bubbles of carbon dioxide are 
trapped in the bread. These bubbles produce 
holes resulting in the lightness of the bread. This 
process is called leavening. 

Thus, in baking, the primary function of the 
fungus is the production of carbon dioxide to 
leaven the dough. In brewing, both carbon 
dioxide and ethanol are required. The growth of 
the yeast in the sugary liquid must take place in 
anaerobic conditions, as otherwise fermentation 
is inhibited. 

There are many varieties of cheese but they are 
categorised into three main groups based on the 
moisture content in the end product. They are 
soft cheese, semi-hard cheese and hard cheese. 

Cheese is prepared by the action of lactic acid 
bacteria on the first milk along with rennet. 
(Rennet contains an enzyme rennin -obtained 
from the cow's stomach.) The curd produced by 
coagulation is separated from the whey (the li - 
quid portion). The formation of cheese requires 
four steps: 

1. Curdling of milk by the action of lactic acid 
bacteria and separation of it from the whey. 

2. The curd is now processed to remove the 
moisture. This cheese is called cottage cheese. 

3. Then the cheese is salted. Salt serves two 
purposes: it removes the excess moisture and 
itprevents the growth of undesirable microor- 
ganisms. 

4. This curd is kept at the appropriate tempera- 
ture and humidity. Suitable fermenting micro- 
organisms are added along with lactic acid 
bacteria to give particular flavours. 
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HARMFUL MICROORGANISMS 


Certain microorganisms belonging to different 
groups are harmful to man, directly orindirectly. 
These include bacteria, fungi, protozoans and 
Viruses. These microorganisms cause diseases, 
attack crop plants and domestic animals, and 
spoil food. 


Fig. 5.9 A leaf of potato plant 
infected with the ‘late 
blight’ fungus 


The blight disease of apple and pear and the 
blackrot of cabbage are caused by bacteria. Fungi 
cause more serious damage to our crop plants, 
€.g., smuts and rusts of cereal crops and late 
blight of potatoes. Viruses also cause a number 
of diseases in both plants and animals. 

The microorganisms that spoil food are also 
harmful. They include bacteria and fungi. Spoil- 
age of food can be controlled by canning, pas- 
teurization, refrigeration and dehydration. 


CONTROL OF FOOD SPOILAGE 


1. Canning : Canning is a process that involves 
the sterilization of food at 120°C for 90 minutes 
to kill the decay bacteria, and the sealing of the 
sterilized food in airtight containers. 
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wheat rust 


Fig. 5.10. A portion of the stem and 

leaf of the wheat plant 

infected with the ‘wheat rust’ 

fungus 
2. Pasteurization : Pasteurizationis a process by 
which milk is heated to 62° C for 30 minutes and 
cooled suddenly, This destroys bacteria without 
any effect on the taste and quality of milk. 


3. Refrigeration : Refrigeration is a process which 
keeps food at very low temperature thus prevent- 
ing germs from growing and multiplying. 


4. Dehydration : Fruits, fish, meat, milk and 
otherfoodscanbe preservedatroom temperature 
by removing the water content in them, i.e., by 
dehydrating them. 

The process of pickling and jam-making is 
based on the removal of water. Though water is 
present in the brine that preserves the pickle, itis 
not available to the bacteria for their growth, and 


Fig. 5.11 Tobacco mosaic 


they therefore face a sort of physiological dry- 
ness. In fact, the high concentration of salt in the 
brine will extract the water from the bacteria and 
fungi, and prevent their growth. The practice of 
using sugar as a preservative in the jam-making 
industry is also based on the same principle 
Vinegar is used as a preservative as well. 


Being acidic, it lowers the pH value, and in- Fig. 5.12 Leaf curl of papaya 


creases the acidity to such an extent that bacteria 
and fungi cannot thrive. 


Activity 4: Visit a pickling or. -jam-making factory. Watch the process 
of canning, dehydration, etc. Try and get brochures from these indus- 


tries and display them on your bulletin-board. 


Activity 5: Visita bakery, a brewery anda drug factory and learn the 


various processes used there and the by-products obtained. 
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5.2 Economic importance of higher 


Fig. 5.13 A portion of the paddy 
shoot with the grains 


SOURCES OF FOOD 


The early nomadic men gathered wild plants and 
hunted animals for their food. As they began 
settling down in particular areas, they started 
collecting seeds and planting them. This marked 
the beginning of agriculture. 

The following are some of the major food 
plants cultivated in India: cereals, pulses, vege- 
tables and fruits. 


1. Cereals : These constitute the major food for 
man all over the world. They consist mainly of 
carbohydrates. The major cereal crop of India is 
rice. Next in importance are wheat and maize. 


2. Pulses : Pulses are produced by dicotyledon- 
ous plants. Proteins, carbohydrates, fats, miner- 
als and B-vitamins are stored in the thick and 
fleshy cotyledons of the embryos of seeds, e.g., 
peas, grams, ctc. 


embryo endosperm 


Fig. 5.14 A whole maize grain 


endosperm 


Fig. 5.15 A polished rice grain 


3. Vegetables : The edible parts of plants such as 
Toots, stems, leaves and unripe fruits are used aS 
vegetables. Green leafy vegetables such as cab- 
bage, lettuce and spinach are rich in minerals and 
vitamins, while the root tubers of sweet potato 
and tapioca and the stem tubers of potato and yam 
contain large quantities of starch. Lady’s finger, 


tomato, beans, etc. are some other familiar vege- 
tables. 
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cotyledon 
plumule 


radicle 


Fig. 5.16 Pea seed 


4. Fruits : Alarge numberof plants are cultivated 
in India for their fruits, which are matured ova- 
ties. Some, like mangoes and bananas, are even 
exported. Other fruits common in India are 
guava, papaya, pineapple, orange, pear, custard 
apple, etc. They provide not only carbohydrates 
but also vitamins. , 


Fig. 5.18 Pineapple 


apple in section 


Fig. 5.17 Some fruits 


Fig. 5.19 A portion of the sugarcane stem 


5.Sugar : In India sugaris produced mainly from 
sugarcane, and for this purpose the plantis culti- 
vated extensively. 


6. Spices and condiments : There are certain 
aromatic plant products used for flavouring food. 
India produces a number of different types of 
spices, such as pepper, ginger, cardamom, tur- 
meric, cloves, cinnamon, nutmeg and vanilla. 
Many of these are cultivated on a large scale and 
exported. 
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cardamom 


Fig. 5.20 Spices 


7. Oil seeds : Several species of plants yield 
edible oils. Plants cultivated extensively in India 
for the extraction of edible oils are groundnut, 
mustard, sesame, coconut, sunflower seeds, etc. 


8. Beverages : The leaves of tea and the seeds of 
coffee and cocoa give us the non-alcoholic be - 
verages. 


5.3 Source of medicine - alkaloids, 
medicinal plants 


Many kinds of medicinal plants are found in 
India. A large number of them occur in the 
Nilgiris and the Himalayas. The medicinal prop- 
erties of these plants are due to certain com- 
pounds called alkaloids. They are present mostly 
in the roots, bark, seeds and leaves. 
Quinine, used in the treatment of malaria, is 
extracted from the bark of a plant called cin- 
chona. It is cultivated in the Nilgiri hills and in 
Darjeeling. Rauwolfiais another medicinal plant 
found in the Western ghats and the tropical Fig. 5.22 The root of Ipecac has 
Himalayas. The drug extracted from the roots of medicinal properties 
this plant is an effective remedy for high blood 
pressure. Emetine, used in the treatment of 
amoebic dysentery, is obtained from the roots of 
Ipecac, cultivated mainly in the Khasi Hills and 
in Darjeeling. All parts of Vinca rosea contain al- 
kaloids, and possess hypotensive, sedative and 
tranquillizing properties. They also cause relaxa- 
tion of plain muscles and depression of the cen- 
tral nervous system. The leaves of Digitalis pur- 
purea (common foxglove) are used for making a 
drug to treat certain conditions of the heart as a 
cardiac stimulant and tonic. 


Fig. 5.23 Datura 
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Activity 6 : Find out the medicinal value of the neem tree (Azadira- 
chta indica) black pepper, (Piper nigrum), Indian Pennywort (Centella ` 
asiatica) garlic (Arlium sativum), apple of Peru (Datura metel), tulsi 
(Ocimum sanctum)),etc. Do it as group work. 


Fig. 5.24 A flowering twig of Tulsi 


5.4 Industrial use 


Tannins are soluble, complex compounds 
present in the bark, wood, leaves, fruits and 
roots. They have a variety of uses. Tannins make 
wood durable and hard. Mixed with iron salts, 
they are used in the manufacture of inks. They are 
used in the tanning industry to convert hide into 
leather. 

Dyes and stains are naturally secreted by 
plants and are obtained from the root, bark, leaf, 
fruit or wood. Haematoxylin is a wood dye, 
indigo, a leaf dye, and turmeric, a stem tuber 
dye. Litmus is a dye extracted from lichens. The 
dyes are used in the textile industry and for 
colouring food stuff. Many are used in scientific 
investigations. 


Activity 7 : Find out about four other stains or dyes not mentioned in 
this unit. Tabulate your findings under the following headings. 1. 
Name of the dye (or) stain 2. Source 3. Significance 4. Application. 


SS. 5.5. Some forest products 
` \TIMBER 


Timber or wood required for making furniture, 
building houses, etc., are obtained from trees. 
The important timber trees of India are teak, red 
wood, sal, mahogany, walnut, pine, etc. Wood is 
actually the xylem which is present in all plants. 
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(Name the industry in which it is used.) 


But only trees that have lived for a number of 
years yield commercial wood. 


WOOD PULP 


Cellulose is the basic constituent of paper. Wood 
of coniferous and other trees, bamboo and grasses 
provide the raw materials for the manufacture of 
paper pulp. The pulp is pressed into thin sheets 


and processed further to produce the various 
qualities of paper. 


Fig. 5.25 Tapping of latex from the 
rubber tree 


RUBBER 


Rubber whichis uscd in the manufacture of tyres 
and tubes of vehicles and many other products is 
obtained from the latex of certain plants such as 
Hevea brasiliensis. Then it is collected by tap- 
ping the bark of the rubber tree. Then it is poured 
into flat trays and the rubber precipitated out by 
the addition of acetic acid. The sheet of rubbcris 
pressed, dricd and marketed. 


DRUGS 


The bark of mountain cbony is a tonic, blood 
purificr and also a medicine for diarrhoca and 
liver complaints. Opium (Papayer somniferum) 
is a stimulant, narcolic and antispasmodic. Cor- 
tisone, a steroid hormone prepared from 
Solasodine, has been found to be effective in the 
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Fig. 5.26 Papaver somniferum 
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treatment of acute stages of rheumatoid arthritis, 


chronic cases of asthma, obesity and many skin 
diseases. 


GUMS AND RESINS 


The true gums are formed as the result of disin- 
tegration of internal tissues, for the most part 
from the decomposition of cellulose. Gums are 
soluble in water, and readily swell up in it form- 
ing a viscous mass. Acacia sene gar yields the best 
gum arabic of commerce. Commercial gums are 
the dried exudations of the plants. Gums exude 
naturally from the stems, or in response to wound- 
ing. 

Resins are oxidation products of various cS- 
sential oils. They are complex and varied in their 


chemical composition, and are mostly found in 
the stems of the trees. They occurin abundancein 
special canals or ducts. They are yellowish sol- 
ids, insoluble in water but soluble in alcohol and 
turpentine. They normally ooze out through the 
bark and harden on exposure to air. 


TURPENTINE 


The principal source of Indian turpentine oil is 
Pinus longifolia. Turpentine oil is obtained by 
the distillation of Oleoresi, an exudate obtained 
by ‘wounding’ various conifers. Turpentine is 
used in the manufacture of varnishes, disinfec- 
tants and paints. It is is also used in the manufac- 
ture of linoleum, sealing wax, oil cloth, lubricat- 
ing compounds and several kinds of inks. 


CAMPHOR (CINNAMOMUM CAMPHORA) 


Camphor and camphor oil are obtained from 
wood and leaves on steam distillation. Camphor 
and camphor oil are separated by filtration, and 
the camphor dissolved in oil is removed by re- 
frigeration and filtration. 

Camphor and camphor oil are mainl 
the manufacture of celluloid and the various 
nitro- cellulose compounds. They are used in the 
preparation of medicines. They are also used for 


making perfumes. 


y used in 


Activity 8 : 
pare a chart to show this. 


THE CARBON CO 


Middle Oil 


Heavy Oil 


Residue left in 


MPOUNDS OBTAINED BY THE FRACTIONAL DISTILLATION OF COAL TAR 


Organic compounds 


Light oil 1. Benzene Fuel, dyes, solvent, 
2. Naphtha manures, dry cleaning. 
3. Toluene Saccharin, explosive (T.N.T) 


Naphthalene, Creosote oil. Insecticides, preservation of wood 
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5.6 Source of fuel 
(Coal, wood, fats, oils, other 
hydrocarbons, soap, wax, etc.) 


The products of the fossilised remains of plants 
are used as fuel in different forms, like coal, coal 
gas, benzol, naphtha, coal tar, kerosene, petrol 


_and wood itself. 


Coal is a carbonaceous matter obtained from 
plants. It is a product formed by the slow and 
gradual decomposition of vegetable matter. The 
plants, due to the disturbances on the surface of 
the earth, like earthquakes, must have been sub- 
merged inside the earth. The absence of air and 
the heat variations inside the earth slowly decom- 
posed the vegetable matter into coal. 

The decomposition of vegetable matter took 
place gradually. Hence the carbon contentincoal 
differs. Based on the carbon content of coal, itis 
divided into three main kinds. They are lignite, 
bituminous coal and anthracite coal. 

When coal is heated in the presence of air, the 
following substances are obtained. 1) Coal gas, 
2) coal tar, 3) gas carbon, 4) ammoniacal liquor, 
and 5) coke. 

Coal gas is useful as a fuel. Gas carbon is used 
to make the carbon electrodes used in battery 
cells. Manures like ammonium sulphate can be 
manufactured by using ammoniacal liquor. Coke 
is used as a fuel and is also used to extract metals 
from their ores. 


Findout how coalgas and coal tar are manufactured. Pre- 
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Plastics, cosmetics, dyes. 


Dyes. 
Road surfacing retort. 


Like coal, petroleum is also another useful 
product obtained from the earth. It is believed 
that petroleum was formed by the decomposition 


of vegetable and organic matter inside the e: 
5 Bt 
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27 Petroleum well. 1. Ground 

water; 2. Gas; 

3. Petroleum. 


Activity 9: Soaps which do not 
called insoluble soaps. Th, 
cium and magnesium s 

Find out the uses of 
nickel soaps and leads 
varieties. 


Activity 10 : Try and visit a soap 
Processes in soap making, 


5.7 Role in soil conservation 
The gradual or rapid wearing away of land sur- 
face rendering it useless is normally known as 


erosion. In normal erosion, The land surface is 
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Petroleum contains many useful organic com- 
pounds which differin their boiling points. When 
petroleum is distilled at different temperatures 
various compounds such as petroleum ether, 
petrol (gasoline), benzene, naphtha, kerosene, 
diesel oil, lubricating oil, vaseline, paraffin oil, 
paraffin wax and pitch are obtained. 

Oily substances can be obtained from the parts 
of certain plants. They are called essential oils. 
They possess odour and they are volatile, They 
are organic compounds called turpenoids. Tur- 
pentine oil is one such important essential oil. 

Turpentine is used as a solvent, as a thinner for 
paints and varnishes, and also in the preparation 
of shoe polishes, 

Soaps are metallic salts of higher fatty acids 
Such as stearic acid, palmitic acid and oleic acid. 
There are many kinds of soaps. Hard soaps, soft 


Soaps, transparent soaps, medicated soaps, met- 


alicinsoluble soaps, etc. are some of the different 
kinds of soaps. 


Coconutoil, groundnut oil, cottonseed oil and 
animal fats are usually the raw material used in 
India for the manufacture of soaps. The chemical 
Teaction in the preparation of soap is as follows : 


Oil, fat + alkali ---> Soap + glycerol. 


have sodium and potassium are 


ey are not used for cleaning purposes. Cal- 
oaps are used as lubricants and drying agents. 
aluminium and chromium soaps, 


oaps. Prepare a report on insoluble metallic soap 


iron and 


factory and find out the various 


worm out gradually by a natural process. In accel- 
erated erosion, due to human interference, the 
erosion is more rapid. There are many methods of 
reducing or preventing soil erosion. These meth- 
ods are known as soil conservation methods. 


Soil conservation requires maintenance of soil 

fertility and prevention of erosion or keeping 
erosion to a low level. Soil fertility depends 
partly on good management and partly on 
growing legumes. In recent times, commercial 
fertilizers are used to maintain soil fertility. For 
a high level of fertility, an effective vegetation 
cover and maintenance of the organic matter of 
the soil are essential. The organic matter in the 
soil improves the structure of fine textured soil 
Passively by its effect on the aggregation of the 
soil particles into moderate sized groups. This 
aggregation creates pores through which rain 
water can enter the soil, thus increasing infiltra- 
tion and decreasing run-off of water. 

In the cultivation of potato, tobacco, paddy, 
sugarcanes, etc., relatively large quantities of 
fertilizers are used to maintain soil fertility. 
Such crops are grown in rows with large gaps 
between the plants. The soil in the gaps are 
exposed to the direct action of the rain which 
tends to remove the organic matter of the soil, 
thereby destroying soil structure. Such soils are 
easily eroded. ‘ 

Contour farming and strip croppt 
reduce erosion because the rows and strips are 
continuous across the field which slows down the 


ng could 


Activity 11: Visit a nearby 
Try to learn the common an 


SIGFNIFICANCE OF CONSERVATION OF SOIL 


of plants by in- 


Conservation is the protection I 
hem wisely and 


creasing their number, using t 
maintaining the balance in nature. 

Conservationof forestsis vitalto preserve and 
improve the environment. Forests influence rain- 
falland provide suitable habitats for wildlife and 
plants. They prevent soil erosion, which in turn 
prevents the swelling of rivers and flooding of 
low lying areas. Consequently, sea and river 
banks are protected. 


run-off of water and increases infiltration. In 
mountainous regions, like the Nilgiris, continu- 
ous terraces are widely employed on the slopes 
of the mountain where crops like potato, cauli- 
flowerand other vegetables are grown. Terracing 
the slopes will carry run-off water ona gentle gra- 
dient to grassed water ways that may be present 
at one end of the field. 

Planting trees on hill slopes is also another 
method of soil conservation. The roots of the 
trees hold the particles of top soil firmly. The tall 
trees at right angles to the direction of the wind 
also prevent soil erosion. 

The effective control of erosion, particularly 
on sloping land, requires an established and un- 
disturbed forest cover of vigorously growing 
plants like grasses and legumes. Grasses form an 
upper cover and the legumes provide fertility to 
the soil. Growing legumes along with grasses 
will also help in increasing the nitrogen supply. 
The pasture lands should be properly managed by 
effective control of grazing and weeds. 

Crop rotation involves production of differ- 
ent crops, leguminous and non-leguminous, in 
succeeding years. Crop rotation helps in control- 
ling weeds, maintaining soil fertility and de- 
creasing soil erosion. 


forest to see the different kinds of trees there. 
d scientific names of a few of them. 


PLANT WEALTH 


Man himself is a part of the biological commu- 
nity and his life depends on the availability 
of natural resources. These resources are of two 
types: renewable and non-renewable. All the 
renewable resources are interlinked and must 
be conserved. Various efforts are being made at 
bothnational andintemational levels to conserve 
natural resources and to protect wildlife and 


forests. 
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METHODS OF CONSERVATION OF PLANT-WEALTH 


The efforts at afforestation or reforestation should 
beincreasedto three times that of the presentrate. 
Forests should be protected from smokers, light- 
ening and debris bumers at all costs. Over- 


grazing should be prohibited. Disease-free and 
pest-resistant varieties of forest trees should be 
developed. Cutting and uprooting of trees should 
be made illegal and punishable by law. Plant dis- 
eases should be controlled by the application of 
Scientific methods. 


Activity 12 : Is it possible to induce bacterial nodule formation by any 
novel scientific techniques in non-leguminous plants so that external 
application of nitrogen fertilizers can be avoided? Give five reasons. 


Activity 13 : Why do governments impose restrictions on bringing in of 
plant parts from other countries? Find out more about such laws. What 
can possibly happen if they relax such restrictions? Have a group 


discussion. 


5.8 Improvement of useful plants 


The major agricultural crops that are grown in 
India are food crops, oil-yielding crops, sugar 
yielding crops, fibre-crops and so on. Coffee, 
tea, coconut and rubber are condsidered as plan- 
tation crops. 

Of all the plants, cereals are the most impor- 
tant to mankind. Pulses are next to cereals in im- 
portance as human food. Legumes are good 
forage crops and become excellent nitrogenous 
manure after they decay. 

The term green revolution refers to the tre- 
mendous increase in the yield of crop plants, par- 
ticularly cereals, through the application of mod- 
ern techniques to agriculture. 


BREEDING BETTER VARIETIES 


The main objectives of plant breeding are to gain 
increased production, to improve the quality of 
the product, to produce crop varieties which are 
resistant to diseases and pests, to produce new 
varieties and to produce crop varieties suitable to 
particular climate and soil. Selection, inbreed- 
ing, hybridization, back cross method of breed- 
ing, polyploidy, mutation-breeding, etc. are some 
of the techniques used in plant breeding. 
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Fig. 5.28 Zea mays — Corn 


Selection is a process in which plants with de- 


sirable characteristics are picked out generation 
after generation. 
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Fig. 5.29 Kandhari grapes 


Inbreeding is a process of crop improvement 
in which a few varieties are selected and they are 
continuously self-pollinated for several genera- 
tions. 

Hybridization is a process jn which two or 

more plants of dissimilar genetical constitution, 
differing in one or more characteristics are cro: 
The main objective of the back cross method is to 
transferthe desirable characteristicsin aninferior 
variety to a superior variety. The change in the 
number of chromosomes is known as ploidy. A 
polyploid is an organism whose somatic nuclei 
contain more than two monoploid sets of chro- 
mosomes. Polyploidy can be induced artificially 
by extreme temperature treatment of seeds, by 
exposing them to radiations. (X-ray, gamma 
rays, etc.) and by application of alkaloids and 
hormones. 

Mutations are sudden heritable changes. The 
giant variety of grams and groundnuts are €x- 
amples of improved forms. The seedless orange 
is a noteworthy example of spontaneous somatic 
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Fig. 5.30 Bolting in cabbages 


mutation. Agents such as mustard gas, formalde- 
hyde, etc. which cause mutations are known as 
mutagenic agents. 


TREATMENT WITH HORMONES 


Plant hormones are chemical substances which 
are synthesized by the plants in very small quan- 
tities. These hormones are produced in one part 
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of the plant in minute quantities as a result of 
metabolism and are then transported to other 
parts where they produce specific effects on 
growth and development. They are alsoknown as 
growth substances or growth regulators or 
Phytohormones. 


Indole aceticacid (IAA) isthe universal natu- 
ral hormone. Cytokinins are Tequired for the cy- 
tokinesis of plant cells. They bring about cell 
division, cell enlargement, differentiation of tis- 
sues, slowing down of senescence, removal of 
dormancy, etc. 


Gibberellin: Im Japan, farmers noticed that 


Activity 14 : Collect hybrid varieties ofgrams 


their characteristics and list their a 
Activity 15 : Collect 
of plants created by 


Activity 16 : Collect some 
fungi. How are 


Activity 17 : Visit an 
society. Collect booklets 
methods of plant breedin, 


Activity 18 : Visit an orchard and 
their effects on plants. How do they 
plant products? 


5.9 Horticulture 


Horticulture is a branch 
deals whith the stud 
fruits and ornamental 


of Agriculture which 
y of growing vegetables, 
plants. 


SIGNIFICANCE OF ORCHARDS 


A large number of Plants are cultivated in India 
for their fruits. Some like mangoes and bananas 
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Paper cuttings with 
intergeneric and in 


agricultural area or institute 
pertaining to forest pro 
, crop improvement, etc. 


certain diseased paddy plants grew very thin and 
tall. Later they discovered that the disease was 
due to infection by a fungus called Gibberella 
fujikuroi. Later on, gibberellin-A, gibberellin-B 
and gibberellic acid were isolated from this fun- 
gus by scientists. Gibberellins stimulate seed 
germination, the elongation of intemodes and 
induce flowering. They also induce parthenocarpic 
seedless fruits. They are used for the increase in 
size and yield of fruits. They are employed for 
breaking the dormancy of tubers and seeds. 
Growth inhibitors have acontrollin ig effect on 
growth stimulants, i.e., auxins, gibberellins, etc. 


There are two types of inhibitors, phenolic chemi- 
cals and abscissic acid. 


, Wheat, paddy, etc. Note 
dvantages. 


Photographs of novel varieties 
terspecific cross. 


Plant parts affected by virus, bacteria and 
they different from here 
control measures adopted by agricult 


ditary diseases? Find out about 
urists. 


and a horticulture 
ducts, fuels, novel 


find out more about hormones and 


enhance the commercial value of 


are even exported. Other common fruits are papaya, 
guava, apple, pineapple, plums, etc. Apple is a 
false fruit as the edible partis not the fruit proper 
but the overgrown thalamus. Most of the fruits 
provide us with carbohydrates and vitamins. 


GRAFTING OF FRUIT TREES 


Grafting is Considered to be a very skilled and 
refined method of vegetative propagation in plants. 


The object of grafting is to cause a variety ofa cut off from the stem. A similar slice is also 
plant having some desirable features (the scionor removed from the\stem of the stock. The two 
graft) to grow on a well established root system stems are brought togetherso that the cutsurfaces 
(the stock). A small portionorbranchofthescion arein contact, and are held firmly in position by 
is inserted into a rooted plant (stock) ofthe same atape. The twoeventually getorganically united. 
or allied species so that the two may growasone This may take 1-4 months. After the union is 
plant. The scion grows and retains allits qualities complete, the top of the stock and the base of the 
while the stock, which may be of inferior quality, scion are cut off, above and below the region of 
supports it and supplies it with water andmineral fusion, respectively, and the scionis left growing 
Salts. Grafting is carried out for the propagation on the stock (e.g., mango, guava) 
of certain fruit trees and omamental shrubs and 
trees. A graft may be considered a cutting which 2, Stem grafting or true grafting : The essence of 
is united with another plant instead of being _ this process is the fusion of the cambium of the 
rooted directly. The following methods of graft- stock with that of the scion. All the buds are re- 
moved from the stock but not from the scion. The 
____ Size of the scion is usually similar to that of a 
1. Approach grafting or inarching : This iS stock. The ends which have to be united can be 
largely practised for grafting guavas, sapotas and cut in various ways to ensure firm fusion. They 
mangoes. In this method, both the stock and the may be cut obliquely or in a V-shaped pattem so 
scion remain rooted. Seedlings of the stock are hat they fit well into each other. They are held 
raised in pots and, when the stems reach a thick- together by moist cotton wool or moist cloth and 
ness of about three centimetres, they areready for pound over by a thick cord. The grafted portion 
grafting. A branch of the scion of the same may be smeared with grafting wax to prevent 
thickness as the stock is taken and asmall sliceis fungal and bacterial infection. ; 

When the stock is large, the stem is cut trans- 


< versely and anumber of small shoots of the scion, 
SS with their ends wedge-shaped, are introduced 
eS into corresponding clefts on the stock and fixed 
in position with grafting wax. This method is 


known as crown grafting. 


ing are in practice: 


3. Bud grafting or budding : Bud grafting is 
commonly called budding. The essential feature 
of budding is the fusion of the cambium of the 
bud from the scion with the cambium of the 
stock. 

Seedlings of trees which are to be used as 
stocks are grown in a nursery until their stems are 
ofa suitable thickness. A T-shaped cutis madein 
N = the stem of a stock, down to the cambium layer. 
N The small flap of bark on each side of the cut is 

then separated by pulling the free tip of the 
triangle downwards. A bud, together with a small 
piece of bark, is now cut from a branch of a 


Fig. 5.31 Approach grafting 
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Scion and root stock are 
ready for union. 


a. 


b. Scion and root stock are 
tied in place. 


c. 


The mature tree. 


Fig. 5.32 Stem grafting 


scion 


stock 


Fig. 5.33 Crown grafting 


selected tree (the scion). The slice of bark must 
reach down to the cambium layer. The bark is 
trimmed to fit into the T-shaped cut and placed 
carefully in position. The flaps on each side of the 
Cut are then straightened and the insertion is he d 
in place by a cord. 
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The bud is sheltered from the heat of the sun 
and also from the rain. For the process to be suc- 
cessul, the cambium of the bud must fuse with 
that of the stock and become part of-it. Conse- 
quently, the bud will begin to grow. Food mate- 
tials, mineral salts and water pass from the stock 
to the growing bud. The latter slowly develops 
into a new branch which Spreads out and bears 
flowers and fruits (e.g., apple, rose). 


TREATMENT OF HORMONES 


Kogl and his workers extracted from human 
urine three major substances capable of promot- 
ing the growthof plants. They are auxin-a,auxin- 
b and hetero-auxin. Many synthetic auxins such 
as phenyl acetic acid, indole butyric acid, etc. 
Lave also been discovered. 

Auxins are used in many ways in horticulture 
as they are important for promoting cell division 
and cell elongation. They prolong dormancy, 
induce fruit formation and prevent fruit drop- 


union bandage 


T-shaped incision 


bud (scion) ` Stok 


stock 


Fig. 5.34 Bud grafting 


ping. They are also responsible for the germina- grasses and broad-leaved plants are sensitive to 
tionofseeds. They have the effect of breaking the synthetic auxins, which are used in the eradica- 
dormancy of the bulbs, tubers, etc. Auxins pro- tion of weeds. Auxins play a vital role in tropic 
duce seedless or parthenocarpic fruits. Certain movements. 


Activity 19 : Prepare posters depicting the various types of grafting 
and their significance. 

Activity 20 : Visit a green house and collect information about the 
various hormones and their method of use. 


5. improved cultivation practices. 
It is essential that man uses natural resources 
wisely. Conservation does notmeanmere protec- 


The inputs necessary forincreased production 
q agriculture and horticulture are: 


> timelyapplicationofmanures and fertilizers, 


Properirrigation, tion but the judicious use of existing natural 
3. protective measures against pests, parasites, wealth so that the coming generations are not 

etc., deprived of it owing to the selfishness and fool- 
4. improved varieties of seeds, and ishness of the present generation. 
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Some basic concepts 


Economic Botany deals with the application of the science of Botany to day to day 
life. 

The major agricultural crops that are grown in India are food Crops, oil yielding 
Crops, sugar yielding crops, fibre crops and SO on. 

Locust, aphids, leaf-hoppers, rice weevil, termites, fungus, bacteria, viruses, etc. 


are some of the common pests of plants. 

Plants help in conservation of soil because they prevent erosion. 

Many microorganisms such as bacteria, fungi, etc. are directly or indirectly useful 
to man but some of them are harmful to man, too. 

The rate of growth of a plant is influenced by several factors such as the availability 
of nutrients, water, humidity, temperature, light, pH value of the environmental fluid 
and certain chemical substances called plant hormones, 


Some suggested activities/projects 


1, 


2. Find out why wine is left in wooden casks for curing, 
3: 


4. 
5 


Find out how the first antibiotic was discovered. 


Discuss with your classmates about what would happen to the quality of life on this planet if 
all the microorganisms were destroyed. 


Prepare a poster on the use of yeast in food and beverage industries, \ 
Discuss : Is the Cutting of trees helpful or harmful? Š 
“Industrialisation is the root cause of deterioration of our abiotic ecosystem °. Comment on 
this. 
Discuss soil erosion and soil conservation. 
Draw a map of India and mark all the forest areas. 
Visit a newly developed area in your village, town or city. Record the characteristics and 
constitution of the adjacent natural landscape and compare them with those of the colonised 
regions. 
Visit a nearby farm. Note down your observations on the vegetation and soil characteristics 
of intensively cultivated land and uncultivated barren land. 
‘Fertilizers and pesticides are a necessary evil in farming ., Discuss. 
‘Urbanisation is a curse in disguise.’ Evaluate this Statement. : 
Collect in jars samples of as many distinctly different kinds of soil as you can find around your 
locality. Label each jar, Stating what kind of soil is init, what crops can grow well in that kin 
of soil and where the sample of soil was obtained from. 
Visit a nearby farm and enquire about the plants being raised on it. Make a list of the common 
weeds found there. Find Out what measures are being taken to eradicate them. i 
Make alist of summer vegetables and winter vegetables in yourarea and a similar list of fruits 


86 


af OND = 


. Explain how conservation 


. ‘Forests play a major role in the economy of a na 


REVISION 


Answer these questions: 


. What is leavening? How is this process utilised commercially? 

. How is ripening of cheese brought about? 

. Name the organism involved in the manufacture of vinegar. 

. Why is exposure of wine to air necessary for its conversion to vinegar? 

. Based on your knowledge of microorganisms, prepare a report on the importance of micro- 


organisms in everyday life. 


. Bring out the important similarities and differences between baking and brewing. 
. Name some varieties of cheese. 

. How does bread become light? 

. Describe the general properties of antibiotics whic 
. Describe the uses of microorganisms in the processing of milk products. 


h make them suitable for medicine. 


. How do trees prevent soil erosion? 

. List some methods for the conservation of forests. 
. How do plants become extinct? 

. Describe various methods of forest management. 


of forests is associated with environmental benefits. 


. How is coal formed? 

. Name the products obtained by fractional distillation 
. Explain how petroieum would have formed. 

. What are the products obtained by fractional disti 
. What is soap? What are the different kinds of soap? 
. Define agriculture. 

. Define horticulture. 

. Name two pulse crops of India. 

. Name two oil seed crops of India. 

. Name one cereal crop and one plantation crop of In 
. Name the sugar crops of India. 

. What are weeds? 

- Define the terms fores' 
. Expand the following terms : F.A.O and U.N.D.P. 


of coal wax. What are their uses? 


llation of petroleum ? State their uses. 


dia. 


t, forestry and Vanamahotsava. 


tion.’ Justify the statement. 
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ll. List out the microorganisms necessary for the production of the following. 


1. Penicillin 
2. Vinegar 
3. Curd 

4. idli 

5. Wine 


lll. Match the terms in column A with those in column B: 


A B 
Pepper Tube 
Tea Cereal 
Rice Pest 
Pea Spice 
Locust Beverage 


IV. Fill in the blanks with the right words (plants, overgrazing W.W.F, trees, 
conservation, lightning, grazing) 
are a valuable asset of nature. 
is involved in a number of conservation schemes. 
needs to be discouraged for the sake of Preserving soil. 
is the protection of natural resources. 
——__________ prevent soil erosion. 


Ce eo [= 


< 


Write short notes on the following: 


- The economic importance of bacteria and fungi 
. Nitrogen fixation 

. Antibiotics 

- Baking and brewing 

. Medicinal plants (any five) 

- Forest products 

- Soil conservation 

. Improvement of useful plants 

. Treatment of hormones 
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PRACTICALS 


Spirogyra (Algae) 

ses of slippery green filaments on the surface of stagnant 
d springs: They are slimy to touch because of the presence 
them the name ‘water silk’. 


Spirogyra flourishes as extensive mas 
pools, sides of slow-running streams an 
of mucilage in their outer walls, which gives 


ke, unbranched filaments, a few centimetres long, each 
ir walls are made up ofcellulose and pectin. When examined 
vole and a certain number of chloroplasts become visible 


in the cell protoplasm. The chloroplast is in the form of a green, spiral, ribbon-like band with smooth 
or serrated margins. It is the site of manufacture of food material for the plant. These green bands 
contain small, dense, spherical bodies termed pyrenoids which have a central core of protein 

in the centre of the cell by slender cytoplasmic 


surrounded by starch. A large nucleus is suspended int 1 y 
strands. All the cells of spirogyra are identical and capable of independent existence. They absorb 
moisture, carbon dioxide and minerals fromthe surrounding water and synthesize carbohydrates by 


The plant body consists of thread-li 
consisting of a row of cylindrical cells. The 
under a compound microscope, a large vac: 


photosynthesis. 
nucleus i 
pyrenoid cytoplasmic cell wall ™ ree 
chloroplast thread cytoplasm 


vacuole 


A single spirogyra cell 


Yeast (Fungi) 


lls or colonies of two or more cells. Each yeast cellis considered 
herical in shape. It has a thin cell wall made up of carbohydrates 
II wall lies a mass of fine, granular cytoplasm in which are 
cleus containing the nuclear vacuole, and a number of 


Structure : Yeasts exist as single ce 
anon-green plant and is ovoid or sp 
and phosphorus salts. Within the ce 
scattered a few small vacuoles, a large nu 
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reserve food particles. Thore are many kinds of food particles within the cytoplasm. Some rounded 
ones are masses of glycogen (the normal food reserves in the yeast) or globules of fat, while other 
food particles enclosed in food vacuoles are proteins. The cytoplasm also contains a large number 
of tiny mitochondria. 


The nucleus ofthe yeast cellis very prominent. Itconsists of adistinct nucleolus and a large nuclear 
vacuole in which lie chromatin threads. 


cell wall 
nucleolus 


cytoplasm — chromatin threads 


nuclear vacuole 
glycogen 


volutin granule 


A yest cell 


II 


Mucor (Rhizopus nigricans) -- Fungi 


Rhizopus nigricans belongs to a group of fungi known as black moulds. It is also commonly known 
as bread mould because it grows freely on Moist, stale bread. 

Rhizopus nigricans forms a mass of soft, closely woven, white, silky threads. This mass, which is 
known as mycelium, is the vegetative part of the fungus. Each Silky, thread-like structure is a hypha. 
The mycelium grows not only on the surface of the bread but into it as well. The bread is known as 
the substrate. The mycelium consists of three types of hyphae - stolons which grow horizontally on 
the substrate, rhizoids or root-like hypae which arise at points where the stolons come into contact 
with the substrate, and sporangiophores. The rhizoids are much branched hypae which penetrate 
into the substrate. They are able to digest and absorb Organic food. The Sporangiophores are erect, 
unbranched hyphae, arising from the stolons at the Same points where the rhizoids are formed. They 
grow vertically upwards and give rise to reproductive structures called sporangia. Each hypha is non- 
Septate, i.e., it has no cross walls. 
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ruptured sporangium 


developing 
sporangium 


porangic 


aseptate hyphae. 


Rhizopus nigricans 
HI 


Thallus of Riccia 
-ventral, prostrate and ribbon-like. A rosette- 


unt of the repeated dichotomies of the thalli. The dichotomously 
dge-shaped, with an apical notch at the apex and thickened midrib 
side, the midrib is traversed by a mid-dorsal groove. 


External morphology : The plant body is thalloid, dorsi 


like structure is formed on acco 
branched thallus is linear and we 
in the sagittal axis. On the dorsal 


The scales are present on the margins, the 


On the ventral side, scales and rhizoids are present. 
Rhizoids are of two types - smooth-walled and tuberculate. Sex 


ove and are em 


rhizoids arise from the midrib region. 


organs are present in the mid-dorsal gro bedded in the thallus. 


apical notch 
PR 2 
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scale 


dorsal view 
of the thallus 


ventral view 


rosette oe 
Riccia - external features of the thallus 
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The sporophyte of Funaria (moss) 


The spore-bearing structure in moss has a very com 
in this body : the foot, the seta and the capsule. By the foot, the spore-bearing structure is in organic 
union with the archegonial branch (branch which bears female organs) of the moss plant. The foot 
serves to draw nourishment and the seta serves to conduct the food from the moss plant to the spore 
bearing capsule. Early in the course of the development of the capsule, it bears a cap, called the 
calyptra. The calyptra, however, falls away very early. 


plex construction. There are three distinct regions 


Sporophyte of Funaria 


Mitosis 


Mitosis or the somatic cell division occurs in 
Processes, the karyokinesis or nuclear divisio 
can be studied in its four main steps -- proph 


the vegetative cells of the plant. This involves two 
n and the cytokinesis or cytoplasmic division. Mitosis 
ase, metaphase, anaphase andelophase. 


Interphase : The Stage in which the nucleus Prepares itself to u 


resting stage or interphase. The nucleus atthis stage has a nucl 


ndergo division is reigited to as the 
and nucleolus. 


ear membrane, chromatin, reticulum 


Prophase : The chromosomes reach their maximum length in th Sen ively 
: š ell, progressive! 
shorten and thicken as a result of which their form becomes clearer Ba eer Tao amo 


consists of two segments called chromatids. These are fr 
i e romere. The nuclear 
membrane and nucleolus disappear. © except at the cent 


Metaphase : A spindle-shaped figure appears in th š ic j i 
il ji ; e nuclear region. This is composed of fibrils 
(continuous spindle fibres) which Converge at the Poles. The here sities arrange themselves in 
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such a w: : š 
I asna dan vis centromeres are on a plane perpendicular to the axis of the spindle. This is 
Pores. . The chromosomes are attached to the poles by means of chromosomal spindle 


Anaphase : ; $ 

indep e ue centromere region of each chromosome separates and the two chromatids become 

Stine A one another. Atthis point, each chromatid becomes a chromosome. By the shortening 
osomal fibres, the chromosomes move to the opposite poles. 


roup and thena nuclear 


Tei 3 
iophase : When the chromosomes reach the poles, they forma compact g 
se inappearance, and 


membrane i Í 
the ane is formed. The chromosomes uncoil, become longer and more diffu 
nucleolus reappears. 


his extends towards the side 


C) mesian : 
ytokinesis : Along the equatorial plane, a fluid cell plate is formed. T 
becomes the cell wall by the 


thu: i 3 Ç 
ae S forming two equal daughter cells. This delicate cell plate later on 
Position of cell wall materials. 
Thus in mitosis two similar daughter cells with the same chromosome number as thatofth 
Cell are formed. 


e mother 


(Note : Slides showing any one of these stages will be kept as a ‘Spotter’ in the practical examinations.) 


prophase 


telophase 


Mitosis - different stages 
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ele 


TEST PAPER | 


Choose the best answer : 


Minerals in the soil which are absorbed by the root are present 
a. as very dilute solution. 

b. as dilute solution. 

c. in concentrated form. 

d. in highly concentrated form. 


2. Osmosis means 


a. the loss of water from the leaves. 
b. the uptake of water from the roots. 
c. passage of molecules from high concentration to low concentration. 


d. the flow of a weak solution to a stronger solution when the two are separated by a 
semi-permeable membrane. 


3. Water from the soil enters the root hairs on account of 


a. atmospheric pressure. 
b. elastic pressure. 

c. turgor pressure. 

d. osmotic pressure. 


4. The root pressure of a plant is measured by 
a. thermometer. 
. b. manometer, 
c. barometer. 
d. anemometer. 


5. Roots absorb the water from the soil, which is 
a. hygroscopic. 
b. free running. 
c. inthe form of dew. 
d. rain water only. 


6. What would you call the outward 
by the fluid of the cell ? 
a. Atmospheric pressure. 
b. Plasmolysis. 
c. Root pressure. 
d. Turgor pressure. 


Pressure exerted on the cell wall in a state of tension 


7. Ascent of sap means 


a. diffusion of water, 

b. building up of Carbohydrates. 

c. loss of water from leaves. 

d. the vertical rise of water in the stem a 
Ascent of sap takes place through the 

a. xylem. 
b. phloem. 


gainst the force of gravity. 
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10. 


12. 


14. 


c. pith. 

d. cambium. 

Which is the most important factor responsible for the ascent of sap ? 
a. Capillarity. 

b. Root pressure. 

c. Imbibition. 

d. Cohesion force. 

Translocation of food takes place in the form of 
a. sucrose. 

b. glucose. 

c. fructose. 

d. maltose. 


Fern leaf is covered by 

a. thorns. 

b. tendrils. 

c. ramenta. 

d. prickles. 

Venation in fern leaves is 

a. unicostate. 

b. parallel. 

c. reticulate. 

d. furcate. 

The most primitive living vascular plants are 
a. brown algae. 

b. mosses. 

c. ferns. 

d. cycas. 

Pteridophytes differ from bryophytes in having 
. motile sperms. 

_ alternation of generations. 

. vascular tissues. 

. archegonia. 


eo co 


J. Answer the following : 


= 


eS [e 


Describe the various regions of the root and their specific functions. 
How does water travel from the soil to the different parts of the plant ? 


Distinguish diffusion, active transport, and osmosis from each other. 


a. Describe the structure of a root hair with the aid of a simple diagram. 
b. What are the functions of root hairs and how are they carried out ? 


How are water and mineral salts absorbed into the root system of a plant ? Explain the 
processes involved. 
What do you understand by the terms ‘flaccid’ and ‘turgid’ ? How do the flaccidity and 
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III. 


IV. 


turgidity of root cells help in the absorption of water and mineral salts? 


. What is root pressure, and in what manner is it-vital to the life of a plant ? 
- Define classification. 

. What is binomial nomenclature ? 

. Give an account of the major plant groups. : 

. In what respects do the rhizoids of Funaria differ from those of Riccia ? ` 


- In what ways are the bryophytes camparable in their structure and environmental require 


ments with the amphibians of the animal kingdom ? 
. In what respect is fern more suited to live on land than bryophytes ? 
. The roots of cycas do not extend very deep into the soil. Why ? 


15. Among the bryophytes, pteridophytes and gymnosperms, which are the most useful to 


man and why ? 


Differentiate the following : 


a. Exosmosis and endosmosis. 


b. Diffusion and osmosis. 


c. Active absorption and passive absorption. 


d. Absorption of water and absorption of mineral substances. 


Fill in the blanks. 


1. The vacuole of the root hair contains 


2. Mineral substances are absorbed in the form of 


3. The living cells are kept in a turgid condition due to 


4. 
5 


leads to wilting of the plant. 


- Absorption of water by the root hairs from the surrounding soil particles takes Place by a 
Process called 


Se SE Ra 


Write notes on : 


1 
2 
3 
4 
5 


. Nomenclature and its significance. 
. Binomials. 


. Absorption of nutrient water. 
. Structure of roots. 


. Translocation of solutes. 
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|. Choose the best answer. 
A 


. Improvement of the human 


. A hybrid is generally more vigo 


. A cell with nuclei of more than on 


. An individual with 


. Microorganisms. 
. Cryptogams. 

. Rhizopus. 

. Yeast. 

. Mushroom. 

. Funaria. 


. Cycas. 


TEST PAPER II 


In an experiment on pea plants, plants with round yellow seeds are crossed with plants 
producing green wrinkled seeds. What will be the phenotypic ratio of the progeny ? 


a. All round yellow. 
3 wrinkled yellow, 1 wrinkled green. 


b. 9 round yellow, 3 round green, 
c. 1 round yellow, 1 round green, 1 wrinkled yellow, 1 wrinkled green. 


d. All wrinkled green. š 
phenotype by environmental means is known as 


a. eugenics. 

b. euthenics. 

c. episome. 

d. free martin. 

rous than either of its parents. This is due to 


a. homozygosity. 

b. heterozygosity. 

c. superior genes in a hybrid. 
d. mixture of cytoplasm of both the male and female gamete. 
e type is known as 


a. heterokaryon. 

b. heterosis. 

c. heterozygous. 

d. polygamic. 

two identical members of a pair of genetic factors is called a 


a. heterozygote. 
b. hybrid. 

c. homozygote. 
d. phenotype. 
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II. 


MI. 


IV. 


Differentiate between the following pairs : 
- Bacteria and fungi. 


C d Gu 9: a 


- Phenotype and genotype. 

- Monohybrid and dihybrid cross. 
. Homozygous and heterozygous conditions. 
. Canning and pasteurization. 


Write short notes on the following: 


ooanon pron = 


= 
° 


. Horticulture. 

- Treatment of hormones. 

- Breeding of better varieties of plants. 
- Soil conservation. 

. Medicinal plants. 

. Plants as source of food. 

. Nitrogen fixation. 

. Ammonifying and nitrifying bacteria. 
. Economic importance of fungi. 

. Grafting. 

- Mendelism. 

. Reasons for Mendel's success. 

. Significance of Mendelism. 


. Principles of Mendel. 


Answer the following questions: 


1. Write a short account on the Pre-Mendelian Concept. 


2. Give an account of monohybrid cross. 


8. Explain independent assortment or dihybrid cross with Suitable illustrations 


4. Give an account of the economic importance of bacteria. 


5. Give a brief account on forest products. 


6. Explain the various methods of grafting on fruit trees. 
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